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ABSTRACT 

The area around Bob Creek, a tributary of the Oldman 
River in southwestern Alberta, is an important range for 
native ungulates and domestic livestock. The interactions in 
resource use among elk (Cervus elaphus nelsoni), mule deer 
(Odocoileus hemionus), and cattle (Bos taurus) are of 
particular concern to management. This investigation 
described the patterns of resource use of each ungulate, 
examined their differences and their implications for 
management. 

By analysing the patterns of resource use, a number of 
range sites, which were important to each ungulate, were 
located and identified. Each range site was small, usually 
less than 25 ha in size, but some sites were contiguous. The 
greatest proportion of animals observed were on or adjacent 
to these sites throughout the course of the study. For elk 
and cattle, there were no specific topographical or 
vegetational features which were common to all sites. Thus, 
there were no altitudes, slopes or habitat features which 
could be used to specify where elk or cattle would range. 
The most important sites for elk wintering in the study area 
could be described only as those which had less snow cover. 
The most important sites for cattle through the summer 
grazing season could be described only as those which were 
close to water. On the other hand, the most important range 
Sites for wintering mule deer could be described 


specifically. They tended to be sites, smaller than 25 ha in 
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Size, on southern and western exposures, associated with 
coniferous and shrub vegetation, which had less snow cover 
than surrounding areas. 

Each ungulate had a relatively specialized diet. Elk 
and cattle relied heavily on grasses, in particular the 
fescues (Festuca spp.). Mule deer relied primarily on 
Douglas fir (Pseudotsuga menziesii). 

In a comparison of the patterns of resource use it was 
found that elk and cattle used different land areas and they 
were present at different seasons of the year; their 
resource use was divided in terms of space and time. Elk and 
mule deer ranged different land areas and had different 
diets; their resource use was divided in terms of space and 
forage. Mule deer and cattle had different diets; their 
resource use waS divided in terms of forage. Whether these 
divisions were a result of competitive or synergistic 
interactions could not be deduced. 

Because the distribution of domestic livestock is 
easily affected by changes in management (eg. fencing, 
herding, water and salt placement) elk and cattle were felt 
to have the narrowest division in resource use. Management 
programs to improve the productivity of the Bob Creek Area 
will be successful primarily if they increase the number of 
important range sites available, and secondarily if they 


improve the forage productivity on existing sites. 
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1. INTRODUCTION 


1.1 Multiple Use and Management 

In 1877, Fred Kanouse trailed the first range cattle 
into southern Alberta to stock the range at Fort Macleod. 
Dairy cattle, horses, and a few beef steers had been brought 
in earlier, but only horses had escaped onto the open range 
(McEwan 1964). 

Kanouse's 22 head augured a new era in the use of 
Alberta's rangelands. Indiscriminate hunting soon 
annihilated free-ranging plains bison and decimated most 
other wild ungulate populations (Kelly 1913, p. 112-125). By 
1890 there were over 200,000 head of livestock on southern 
Riper camrangemkher yells ep. 249)" 

Efforts to conserve lands and wildlife over the 
succeeding 100 years created a source of conflict in the 
management of these rangelands, especially where Crown 
(public) lands were concerned. The conflict related directly 
to two competitive demands of resource users: 

1. preservation and restoration of the original 

resource for esthetic values; 

2a cevelopment and utilizativon of the resource’ for 

economic benefits. 

In order to balance these demands, the philosophy of 
multiple use was adopted and ratified in diverse legislative 


and policy documents (e.g., the Multiple Use Sustained Yield 
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Act in the United States and A Policy for Resource 
Management of the Eastern Slopes, in Alberta). 

The recently released policy for wildlife (Alberta Fish 
and Wildlife Division, 1982) established the Alberta 
Government's intent to protect and maintain wildlife 
populations. Effective and justifiable strategies for 
managing native ungulates are forthcoming. If the government 
remains committed to a multiple use policy on Crown grazing 
lands, equally effective and justifiable strategies will 
also be required for domestic livestock management. 

In particular there is a need to determine the optimal 
mix of ungulate species in a multiple use situation. 
Presumably, one ungulate's effect on the productivity of 
another could be deduced, if the right information is 
gathered on each ungulate's resource use. Both ungulates 
could then be managed in a manner that optimizes their 
productivity. Accordingly, a substantial body of research 
has been created that describes the effect of livestock 
resource use on wild ungulates (Mackie 1978, Nelson 1982). A 
frequent conclusion is that livestock compete with wild 
ungulates for resources that are in short supply. However, 
there is some evidence that the productivity of each 
ungulate may be enhanced (facilitated) by certain management 
programs (Anderson and Scherzinger 1975, Holechek 1981, 
Scotter 1980), a conclusion that infers considerable scope 


for integrating ungulate use. 
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The joint management of wild and domestic ungulates is 
espectallyicrucial to the use of Crown grazing lands on the 
eastern slopes of the Rocky Mountains. This region of 
Alberta is subject to a variety of conflicting demands that 
are not easily integrated. 

One example of the problem exists in the area around 
Bob Creek, a tributary of the Oldman River in southwestern 
Alberta. Cattle have grazed the area for 100 years; resident 
mule deer and elk populations have grown in size and 


conflicting importance over the same period. 


1.2 Previous Studies 

Are there significant interactions between wild and 
domestic ungulates in the Bob Creek Area? Previous studies 
have examined some aspects of this question, primarily in 
relation range and wildlife management. 

Mitchell and Cormack (1960) conducted range surveys in 
the Bob Creek Area during the 1950's and concluded that 
increases in range use were not warranted or desirable. They 
suggested that sedges (Carex spp.), rushes (Juncus spp.), 
and little club moss (Selaginella densa) were replacing 
grasses. A government forage resources study conducted 
investigations on the area from 1969 to 1973. Major winter 
use areas appeared to be in fair to, good condition, but)» the 
results were not analyzed. Vriend et a]. (1975) reviewed the 


requirements of wild ungulates in the area, and discussed 
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their migration patterns. Ungulate range use and diets were 


not evaluated. 


1.3 Objectives 

This study examined ungulate range use and interaction 
in the Bob Creek Area. Specifically, it was designed to 
accomplish the following objectives: 

1. describe the range use and diets of elk, mule deer 

and cattle in the Bob Creek Area; 

2. evaluate the interactions between ungulates, their 

range use, and the implications for management. 

Range use was quantified by recording the distribution 
and activity of animals. Specific resource parameters (eg. 
altitude, vegetation) were assigned subjective 
classifications so that animals would not be obviously 
disturbed by data collection. Because the distribution of 
variation within a resource parameter was subjectively 
estimated, statistical procedures were limited to those 
capable of handling nominally-scaled or nonparametric data. 

The arrangement of this treatise follows the statement 
Of objectives. The study area, vegetation, and range use are 
described in Chapters 2, 3, and 4, respectively. Interaction 
and resource division (partitioning) are evaluated in 
Chapter 5, and the constraints on management are assessed in 


the finale, Chapter 6. 
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2. THE BOB CREEK AREA 


2.1 Introduction 

Extending north from the International Boundary, the 
eastern.slopes of the Rocky Mountains cover about 10% of 
Alberta. Most of it is Crown (public) land which has been 
divided into a number of national and provincial parks, 
ecological reserves, wilderness areas, forest reserves, 
Indian reservations, and grazing leases. Major commercial 
interests include the timber, mining, and oil industries. 

This investigation was centred on the Bob Creek 
drainage in southwestern Alberta (Figure 2.1). Bounded by 
the Whaleback Ridge to the east and Spring Creek to the 


west, the study covered an area of approximately 11,600 ha. 


2. 2.Grazing \Hastory 

Early information on ungulates in the Bob Creek Area is 
widely scattered, and usually anecdotal. Bison are generally 
acknowledged to have disappeared from southern Alberta 
during the 1870's, and stories of diseased or dying elk 
along the Oldman River are also cited for this decade (A. 
Russe sl eperc ecomm.). Carr @1976) felt@that a Hew elk were 
present on the Oldman River in the early 1900's. However, 
most ranchers southwest of the Highwood River had never seen 
an elk until the late 1930's (A. Russell pers. comm.). In 


the national parks, populations of wild ungulates increased 
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until 1943 when their levels peaked (Cowan 1945). Later 
investigations found severe competition for forage on a 
seriously depleted range (Cowan 1947). 

The Waldron Cattle Ranch Ltd. was established in 1883 
and granted a 100,000 acre lease adjacent to the Bob Creek 
Area in 1884. Its ledger lists 9,240 head of livestock on 
1 January 1886; 11,429 head on 1 December 1888; and 12,377 
head on 31 December 1890. In 1906, it is acknowledged to 
have had about 20,000 head on 400,000 acres. 

Range conditions in these early years were regarded as 
ideal for the continuous grazing of livestock. 

"The native grass, knee deep...and the chinook 

winds...helped keep the pasture open all 

winter..." 

"The grass seems to be of a variety containing an 

exceptional nutritional value, for the cattle fed 

on the Waldron Ranch range have topped the Chicago 

market." 

"...there being no fences to restrain a ranche's 

(sic) livestock, the animals could roam and graze 

as far off the lease as they chose." 

(Waldron Ranch Files, Correspondence and 

Clippings, Glenbow Archives, Calgary). 

Several severe winters (1886/87, 1906/07, and 1918/19) 
decimated herds on a number of ranches, including the A7 
Ranch and the Waldron. The weather was blamed for the losses 


in the winters of 1886/87 and 1906/07 but mange, fences, 
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prairie fires and overstocking were also implicated, 
especial yercrethe datter wintéere(kellyo1e, mp ees7 ble 
Summer drought and winter grazing were blamed for the losses 
in 1918/19 and subsequently a 15 May to 15 December grazing 
season was imposed on the Forest Reserves (Barnes 1920). 
Stocking rates were also reduced from 10 acres per head per 
year commonly given before 1890, to 20 and 30 acres per head 
by 1918. Winter grazing, however, continued in some regions 
utomthe 19207 s- 800: head of Ay cattle winteredson=the Bob 
and Spring Creek Cattle and Horse Division from 15 December 
P2225 CO rt SeMa yen 2 3): 

Brom niSolmlomlo77 ;estocking=rates: for Wavestock 
gradually declined from 6,286 AUM's (Animal Unit Months) to 
4,061 AUM's on the Bob Creek and Lower Spring Creek 
allotments. Late winter surveys of big game in the 
Livingstone Range-Porcupine Hills Region have rarely counted 
more than 1200 elk or 600 mule deer. Table 2.1 summarizes 
the ungulate populations specific to the Bob Creek Area 
within this region. Elk populations Paneer to show some 
Stability, averaging 612 animals per survey. Mule deer 
populations appear to be more variable. Grazing conflicts 


have escalated in recent years, despite the decline in use. 


estes tgmd sate 98 7 
tame A i Soh ie an ae apy 
weaacl sfx wo? pemmtd ots on 


puisar> r3dmspad a)? Bd gem eye 


2 


.(0s@! ecanied) aavisesh s284 
i 

tq baad iq 2s7t98 Ot wo vee eis atu aoser- conti 
a 
beet 14q ewios UE SaB GS 02 Cear nvte8 revie YEnaMMOT: 
andipey-4mor mi baudttinos bidWed ohisied be ISIAIW aren! 
dda edt no Besstniw abide» VA 9) ‘Baek ww8 sa"OSO? ent ond 


gadtidoot ST. mozwi noetetvr7a saso8 $63 afaie0 Agsq9 porage bas 


eo! 7 
| ,£50) gem Gf oo 68@) 
Anytaeutri Got 883764 patapode. ; Tabs Od OF ET most 

BA : : : ~ = 
rom TAU famena) a ‘MUA. dS, domend boni tosh yléevhexp 


49912 paiage Yewol Gre feats des wa no @'NUA ease 


$44 “We, SiteB pid io -ayeyaus ye3n- bw odo .eatemolie 

i 
Ssanuod devas over rieieoe afiist sntqsta®- a athtaseaditiy 
gestvammme |. oS eta vaa6 Slum O03 qo Alo OOS weds 2700 


GstA Agent dod afd as abahosge snotipiugog statue zs 
side Wiute Oo 1s9qgs snot teiugeg aie notes eidd aie tw 
—e" a Sh i son Saas pe 


* 


a25icinoa orineie » ,eldsizgv stom, ot on iasaq6 anotsmiugeg 


eeu ni ans [e968 edd st igesb exit gam peseisoas Ras 


- _ - _ 
) oF _ 


=; _ 


Table 2.1 


Period 


TESOS 1954 
Pgooe 1959 
1960-1964 
PO Om o.OG 
Leoiies bo. fA 
eres 
slate 
oa 
EERE 


Source: 


* Average for 


Average animal use in the Bob Creek Area, 


1950 to 


**x 1974 only. 


T9782 


Cattle 

(AUM) 
5072 
4809 
4687 
4747 
4544 
4095 
4195 


4061 


Elk 
(Head) 


853%* 
1154 
566** 
473 
656 
Bye hs) 
688 


Deer 
(Head) 


Alberta Forest Service and’ Fish and Wildlife 
Division operational files. 
1962/1964. 
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2.3 Geomorphology 

The Bob Creek Area is considered a part of the 
foothills physiographic region (Karpuk and Levinsohn 1980). 
The iclassification is based on «the fact that the «same 
bedrock is found in the Rocky Mountains to the west but it 
exhibits less height and distance displacement. Geological 
thrusting along at least three major faults has created a 
Series of north-south ridges within the area. Sedimentary 
bedrock outcrops are present on most ridgecrests and ina 
few places along the creeks. 

Topographical variation is high: level terraces are 
found on glaciofluvial deposits near the Oldman River; 
moderately rolling to undulating till blankets are found in 
the valleys; and bedrock is often exposed on steep ridges. 
Elevations range from 1370 m in the valley bottoms to 1875 m 
on the ridgecrests. Maximum slopes. of 70% occur on the study 


area, but most slopes range between 15% and 30%. 


2.4 Climate 

The airflow patterns over the Study area are strongly 
affected by the rock wall of the Livingstone Range, and the 
Gap (a break in the wall on the Oldman River). The 
prevailing west wind funnels through the Gap giving moderate 
to strong winds down the Oldman River valley. Strong winds 
develop on the east side of the Livingstone Range because of 


phe abrupt change in altitudespencountered to the west 
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(450 m per km rise). These winds break up low-lying cloud 
formations, and blast the ridgecrests but leave the valleys 
relatively calm (Janz and Storr 1977). Mean windspeeds 
greater than 30 km/hr probably occur between 40% and 60% of 
the time (Leggat 1979). The wind redistributes snow, 
increases evaporation rates, and augments the effect of 
chinooks. (A chinook is commonly accepted to be a prevailing 
west wind with a temperature of 4°C or greater from December 
through to the end of February.) Chinooks are frequent, 
averaging 1 day out of 3 during the mid-winter period 
(Longley 1967). 

Between 55% and 60% of the total annual precipitation 
in the region falls from May to September. Winter 
precipitation rates from 2 Sacramento storage gauges and a 
snow course near the study area provided some information on 
snowfall. The lowest snowfall on record was reported during 
the winter of 1976/1977 (Table 2.2). 

Figures 2.2 and 2.3 show the temperature and snow 
conditions on the study area during the study period. 
January to April 1977 was warmer (higher mean maximum and 
minimum temperatures and a greater incidence of chinook 
conditions) than the same period in 1978. The snow depth on 
both north-facing and south-facing slopes was low in 1977, 
high in 1978. Snow depth exceeded 4 dm for only a brief 
Dericduim wanuary J977, and oniyeon north-facing slopes. In 
contrast, snow depth exceeded 4 dm from mid-January to 


mid-March in 1978 on all slopes. 


i. 


ol qu teard) Samay 


_ s 


dale pager md ae > abs: BAS S. 3Bm — 

‘ shaarabnix moan (nse) sd a 7 shel) iad eb 
| to XDe Bra KOS sag et susbe ‘yl giao OF 

, wore sajudianel ibs bal r (eter iepees) vere 


ee ot 
i6 Beat b Mii a> JT SatDD 6 bis ‘esas iotsezoqevs ge2 aboton 


piiivavedg 6. ad o4 beggsons ) /mompbosst ows nti A) sdbenaaes 


19¢weoeG Mort adage 1a O° to asus pani 3 6 dtiv SaiwW oe . 


Be - 
(jieepesa ate adoonidd (. sure’ +4 ne eis -oe dpuee a 


botrzseq tsiniw-bim sds ontage’ £ to ato yeb | Baipavevs” 


 § 


AT et yaienes 7 

dortet igi swig Pewiie Ietot adda AOS. favs gcc feawtet 
16dHEM Jzeditisige od yenm més? effet aceet odes 

29DUERP SpsIhse oO Iems4 jae S post eoday aordaedig iosq 


hUTH, ets. ager) seated vote 


tt 


fe Holpemneetnd shad Hahivoig. 695 


Tae re jes40q ay pew biouss. do. tleteoae teavel aft .S fe stunt 


! 
i i Ss; dfdieT) CTet\ sre to neante wae 
; : 14. 
wena Bre ewaeisaus + Ons Weds € 55, -ONG ¢.$ egnuses ) 
. ay a 
$borieg teeay sid Pp Ligob sSitb vhud2 sa3' no BALE DaGs 


Shc mumbo neem sedgia) iniby. enw witer Mak © 
focnsin 20 sanght on! +gIbS ip BRS (29503 629q ne tt 

ay aa i Lor j 

ne digas ia ye hd re Mi HOLIeq, Sis sid neds (2netaeines 
i - a 7 


a% 

—- _ 
Va 
os 

, 


(ves Gola veniasinns oe ss gnisst= 


7 : Aree? ne ee 
(an 3 Z bobs eee “aN saa — 4 


a ey 


Table 2.2 Snowfall measured by Sacramento storage gauges 
and snowcourses near Bob Creek, Alberta. 


Location 


Sacramento Gauges 
Livingstone Gap 


West Porcupine 
Snowcourses 
Streeter Creek 
Ve Yar 
14Y13 
14Y14 


14Y15 


ieiGy 
1976 


165 


178 


89 
(> 
104 


74 


Winter Snowfall 
(mm of water) 


19767 S777 Annual 

LOTT 1978 Max. Min. Mean 

114 279 417 114 236 

127 191 335 79 216 
4] 86 136 41 89 
58 ita 251 58 1%0 
36 99 160 25 102 
30 86 135 30 97 


Data source: Environment Canada operational reports 
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Figure 2.2 Mean maximum and minimum monthly temperature 


CHINOOK DAYS 
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(°C), and total days per month for chinooks and prevailing 


west winds 


in the Bob Creek Area. 
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Figure 2.3 Snow depth at 15 day intervals on north-facing 
and south-facing slopes in the Bob Creek Area. 
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2.5 Phytogeography 

A recent land classification described the Bob Creek 
Area aS a complex of fescue grassland, parkland, and montane 
vegetation (Strong 1979). Looman (1969) classified the 
fescue grasslands of the area as a co-dominant mixture of 
rough fescue (Festuca scabrella) and Parry oatgrass 
(Danthonia parryi) at lower elevations replaced by rough 
fescue - timber oatgrass (Danthonia intermedia) at higher 
altitudes. Although Strong (1979) delineated fescue 
grassland as part of the glaciofluvial terrace complex in 
the southern part of the study area, the rough fescue 
association is not limited to this portion. It extends into 
all open grasslands on black chernozemic soils in the study 
area. 

Parkland occurs aS a transition between the montane and 
fescue grassland zones. Forested sites are dominated by 
aspen (Populus tremuloides) and willow (Salix spp.). Soils 
are luvisolic or chernozemic (Dormaar and Lutwick 1966). In 
appearance, the parkland is primarily open fescue grassland 
with groves of aspen; it dominates lowland areas and 
north-facing slopes up to 1550 m (Strong 1979). 

Looman (1969) regarded the shrub species such as 
shrubby cinquefoil (Potentilla fruticosa), silverberry 
(Elaeagnus commutata), saskatoon (Amelanchier alnifolia), 
buckbrush (Symphoricarpos occidentalis) and rose (Rosa 
acicularis) as abundant or common in the fescue association, 


ifereasing under Grazing. Thesémspecies are often vassociared 
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with aspen forest where moisture is favourable. 

Vegetation in the montane zone is a mosaic of fescue 
grassland and Douglas fir (Pseudotsuga menziesii). On the 
Whaleback Ridge these two communities tend to occupy 
south-facing and north-facing slopes, respectively. Limber 
pine (Pinus flexilis), bearberry (Arctostaphylos uva-ursi) 
and creeping juniper (Juniperus horizontalis) are present on 
ridges and sites with shallow soils. Soils may be regosolic, 
chernozemic, or brunizolic. A mixed association of lodgepole 
pine (Pinus contorta), Douglas fir and white spruce (Picea 
glauca) is also present. Similar associations have been 
identified in the Porcupine Hills to the east (Duffy 1971, 
Ogilvie 1971, Shouesmith 1972). 

Fire-scarred trees are evident in many areas of the 
montane zone. The incidence of fire was high in southern 
Alberta before the turn of. the century (Arno 1980, Kelly 
1913). Fires in the 1930's affected substantial portions of 
timbered foothill range and their influence on wild ungulate 
distribution and population density is the subject of some 
speculation (A. Russell pers.comm.). Ungulate populations 
appeared to increase substantially during this decade 


perhaps in response to more open and available range. 
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3. THE RANGE RESOURCE 


Se lelntroduction 

Vegetation is usually described as either a series of 
discrete patches (stands) or as a continuum. In the first 
case, the community mosaic and the individual plant 
association or habitat type are the levels of distinction. 
In the second case the vegetation continuum and the 
floristic gradients are characterized. Animals may orient 
towards a discrete or a continuous feature at different 
times and for different reasons. However, their range use 
will be ultimately constrained by forage availability, a 
continuous feature (Hanley 1982a). 

Although the forage resource has been previously 
described for plant associations in the Bob Creek Area, 
range use as it relates to the community mosaic has not. 
Since the research strategy required a subjective 
stratification of vegetation types, an analysis of the 
community represented by each type was necessary. This 
section describes the community component represented by 


each subjectively chosen range type. 
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3.2 Methods 


3.2.1 General 

After an initial reconnaisance, the vegetation was 
Stratified into 6 Subjectively recognized range types: 
grasslands, grass/conifer, low shrub, mixed deciduous 
POooest, Douglasttir whorestiAcand emi xed Gforestiareclour 
infrared aerial photography was commissioned through the 
Alberta Center for Remote Sensing. Plots within each range 
type were then selected randomly from 1:20,000 scale 
enlargements using a Universal Transverse Mercator grid 
projection on a zoom transferscope. Plots were subsequently 
transferred to 1:20,000 black and white infrared photographs 


carried in the field. 


3.2.2 Field Methods 

Moss (1959) and Budd and Best (1969) were the 
authorities used for plant identification. Herbaceous 
vegetation was measured with a 19 mm diameter rated 
microplot (percent basal area and frequency were recorded) 
(Morris 1973) placed systematically on 15 m long paired 
transects. Sampling intensity was 400 microplots per 
transect. All vegetation, litter, bare soil, and stone was 
recorded as a percentage of the total area covered by the 
microplot. 

Shrubby vegetation was sampled by the 


point-centre-quarter method (Mueller-Dombois and Ellenberg 


> 
26W not sssopey etd) sone > bern 


,2eqgy7 Sp76e7: ‘Bes snpoyss 
age i 

eievSi seh Bekin ,durde ie, ee cakeates 

a i i - 

tHe fod (789103 esxim bas .deandt he anipuot ere py 


sit Abke id? Bends eahane> aw Hees Lotte Ieinss borental 
sone ideas ofttinv 22058 -pakense. anomie wi ytd etsed A 
aisoe 000,08:1 mer? -y imobelen hats aa fed? sow sat? 


bttD WessebIsM oryavennx’ teesevian 8 Dtaseu 2ineneerelne 


4 = 


¥ 


ylineupseduze st3w e208 ssyoversenatt: qeds & a notsontorq 


= ys34ni eotdw bas tepid COO. Of+' Bz! imbeabuoass 


Ce 
Hrats ofe nt. be ft716 


- 
a leh 

; abotsem tlez? £,.8.£ 
a 


Si?  s2ae! (eae) 4e@08 Boe S bus bos (2200) seam 


- 


et = 


2uosnba7ah .the Denki indabi> nies 107 seen ich 
z 


oo 


Serss Psgentenh mar 24 6 aa boiwessn 23¥ es 
(iebueset Sra -goniedpe2 bits. bug teak phe oaeq) say 
berisg gnel it st hs) aaa ne Benet (evel @ | 

12313 atotgarsih G04 ase nit ers ti pe eas eos: Bree 

_ See anoge Ene: as raxdhh she er aay tha 


*§ a a oO. # s5490 5 Be Bel 
one ad aca feted on | ot aan: ea 8 ae b 


19 


1974). Sample points were placed at 5 m intervals on 25 m 
long paired transects; in each quarter My: the point the 
distance to, and the height of, the nearest shrub was 
measured. 

Forest overstory was sampled at 20 points randomly 
selected from an 8 x 8 point grid overlayed on each plot. 
Points on the grid were spaced at 3.75 m intervals (625 m? 
plot). Bitterlich's variable radius method of counting trees 
through a wedge prism (Mueller-Dombois and Ellenberg 1974) 
was used at each of the 20 selected points. Two counts were 
made, one for trees less than 2 m high (regeneration) and 
one for trees above 2 m high (mature). In addition, the 
total number of trees were counted in a 7.5 m diameter 
circular plot around each of the 20 points. Crown density 
over the plot was estimated on a scale of 1 to 10 from 
aerial photographs. 

Standing crops and herbage disappearance were evaluated 
on 25 caged and uncaged .09 m? paired plots in the grassland 
range type (Pearson 1975). Sites were subjectively selected 
for similar composition on areas of observed animal use. 
(Six plot pairs were subsequently interfered with or 
destroyed). Material (on surviving plots) was clipped in 
late March, bagged, dried at 60°C for 24 hours, and weighed. 

Sixty-three plots were examined in the vegetation 
survey. The distribution of plots within range types and 
among topographic conditions is reported in Appendix A” 


Grassland range types were the most intensively sampled of 
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the 6 range types. Grassland range condition is evaluated in 


Appendix A. 


3.2.3 Analytical Methods 

Data summaries for herbaceous, shrub, and forest 
vegetation were produced by computer file manipulations. All 
non-living material, litter, moss, lichen, or fungi was 
removed from the transect summaries, and all species with 
transect frequencies of less than 1% were reclassified into 
a general variable. 

Classification analysis was necessary for transects on 
plots in the grassland range type because of the wide 
variation in plant associations included in this type. 
(Classification analysis of the forest and shrub range types 
resulted in no change to the original forest and shrub 
Stratifications. Thus, analysis of these latter range types 
is not described.) An hierarchical classification method 
based on an analysis of variance (Ward 1963, Everitt 1974) 
was selected from CLUSTAN (Wishart 1978). Data summaries of 


each derived classification are reported in Appendix A. 
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3.3 Results 


3.3.1 Grassland Range Types 

Within the grassland range type, sedge (Carex spp.) was 
encountered most frequently (8%) followed by Parry 
oatgrass(7%), Idaho fescue (Festuca idahoensis) (5%), rough 
fescue (4%), and june grass (Koeleria cristata) (3%). All 
other species had frequencies of less than 2%, and most less 
than 0.5%. In addition, litter had a mean frequency of 84%, 
little club moss 7%, and bare soil 4% over all plots. 

Comparatively, Parry oatgrass had the highest basal 
area coverage (167 m’*/ha) followed by Idaho fescue (137 
m>/ha) "rough fescue s(92 m?/ha), Juniper (86 m7*/7ha), 
pussytoes (Antennaria spp.) (65 m?/ha), sedge (57 m?/ha) and 
june grass (48 m?/ha). Litter had a mean cover of 7,403 
m?/ha, * little»sclub moss 590 m?/ha, and bare soil 344 m?/ha. 

Standangecrops#vaniedeGsom S87 2ykqg/havtoes,568ekg7ha, 
and averaged 1,484 kg/ha. 

The following discussion briefly outlines the 


differences within the grasslands. 


3.3.1.1 Sedge Lowland 

Comprising roughly 5% of the grassland on the study 
area this range type occurred in poorly-drained lowland 
sites. Dominated by tufted hairgrass (Deschampsia 
caespitosa) and sedge, it appears to be a variant of the 


tufted hairgrass meadows recognized by other authorities in 
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the northwestern United States. Mueggler and Stewart (1981) 
indicate this range type to be one of the most productive in 
western Montana, and although production was not measured in 
this investigation, ground cover and height of the 
vegetation certainly exceeded that of the other range types. 
Vegetation adjacent to this type included dwarf birch 


(Betula glandulosa) and willow. 


3.3.1.2 Tame Pasture 

Because of topographical limitations, less than 1% of 
the study area was Seeded to tame pasture. Smooth brome 
(Bromus inermis) was dominant, and Kentucky bluegrass (Poa 
pratense), timothy (Phleum pratensis) and a variety of 
wheatgrasses (Agropyron spp.) were common. No legumes were 


encountered. 


3.3.1.3 Fescue Grassland 

Five classifications could be broadly described as 
fescue grassland. Three of these were considered to be 
phases of the fescue association: a Parry oatgrass phase, a 
timber oatgrass phase, and a western wheatgrass phase. The 
other two types showed evidence of the effect of grazing 
fescue grasslands: a Parry oatgrass and a western wheatgrass 
disclimax. 

Grass cover in the phases was dominated by rough fescue 
and Idaho fescue. Other ubiquitous species included sedge, 
Parry oatgrass, “june “grass, western porcupine ‘grass (Stipa 


spartea var. curtesita), bearded wheatgrass (Agropyron 
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subsecundum) and northern wheatgrass (A. dasystachyum) . 
Common forbs included northern bedstraw (Gal ium boreale), 
yarrow (Achillea millefolium), fleabane (Erigeron spp.), 
locoweed (Oxytropis spp.), alum root (Heuchera spp.), 
pussytoes and pasture sage (Artemisia frigida). Shrub 
Species common to this group included rose, buckbrush, 
shrubby cinquefoil and, on dry sites, juniper and bearberry. 

The Parry oatgrass phase occurred on well-drained, 
moderate slope positions. It was found at altitudes from 
1430 m to 1610 m on east, west, or south-facing aspects. 
Parry oatgrass provided the highest mean frequency followed 
by sedge, rough fescue, Idaho fescue, Richardson needle 
grass (Stipa richardsonii), june grass, and pasture sage. 
High standing crops were recorded in these plots because of 
the very high proportions of standing dead material. 

The Timber oatgrass phase occurred on south-facing, 
steep, upper slopes and ridgecrests at higher altitudes in 
the study area (averaging 1600 m). Pussytoes were more 
frequent in this phase than in other phases. Other species 
included Idaho fescue, sedge, rough ea hee timber oatgrass, 
northern bedstraw, and other forbs. 

The Western wheatgrass phase also occurred on 
south-facing upper slopes and ridgecrests, but at altitudes 
Vanyunoet cone 460s me toyloSoemg ihe presencesotewesterm 
wheatgrass appears to be diagnostic for this variant, 
although other species were more frequent. A decidedly 


bluish hue was given to these areas because, besides sedge, 
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the vegetation included species such as Idaho fescue, june 
grass, Sandberg bluegrass (Poa secunda), northern 
wheatgrass, showy locowéed (Oxytropis splendens), and moss 
campion (Silene acaulis). 

The Parry oatgrass disclimax was characterized by high 
frequencies of sedge, Parry oatgrass, june grass, and Idaho 
fescue; rough fescue was rarely encountered. 

The Western wheatgrass disclimax was characterized by 
the presence of non-native grasses and forbs. Dandelion 
(Taraxacum officinale), red clover (Trifolium pratense), 
timothy and Kentucky bluegrass had invaded or escaped from 
cultivation on these sites. The frequency of species such as 
june grass, western wheatgrass, dandelion, and pussytoes 
implicates grazing as the dominant successional force. This 
disclimax was most prevalent in areas with little or no 
Slope at lower altitudes (1430 m). Standing crops were the 


lowest recorded. 


3.3.2 Low Shrub Range Types 

Where shrubs were encountered in open grassland they 
were divided into one of two sub-types: willow, or rose. 

The Willow sub-type varied considerably according to 
the dominance of three shrubs: willow, birch, and shrubby 
cinquefoil. This sub-type occupied lowland sites, with 
butat Le iominc ys Lopes: 

The Rose sub-type was also quite variable. Rose or 


Silverberry were dominant on Gdifierent sites, and 
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chokecherry (Prunus virginiana) and gooseberry (Ribes spp.) 
were also present. The rose sub-type was found mostly on 


gentle, south-facing, lower slopes. 


3.3.3 Mixed Deciduous Forest 

The mixed deciduous forest was dominated by aspen 
poplar and associated shrub species: saskatoon, rose, 
buckbrush, shrubby cinquefoil, and willow. Spruce was 
present in several plots. Mixed deciduous forest was found 


at all altitudes, slopes, and aspects on the study area. 


3.3.4 Douglas Fir Forest 

Douglas fir forest was found above altitudes of 1490 m, 
on moderate to steep, north-facing slopes. Regenerating 
Spruce was found on several sites, and one contained mature 
lodgepole pine and aspen. Few grasses or shrubs were present 


in the understory. 


3.3.5 Grassland/Conifer Range Type 

One of the features on the Whaleback Ridge was an open 
Limber pine/Douglas fir community on steep, upper slopes and 
ridgecrests. Tree densities were much lower than in the 
other forest types. Soils were shallow, and rock outcrops 
were frequent on sites occupied by this type. The understory 


was primarily fescue grassland. 
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3.3.6 Mixed Forest 

Dense mixed stands of lodgepole pine, spruce, and 
Douglas fir were found throughout the study area on 
north-facing slopes. The forest overstory was very dense. 
There was little undergrowth on the sites investigated, but 
ryegrass (Elymus innovatus), buffalo-berry (Shepherdia 
canadensis), and willow were common. Deadfall was abundant 


on most plots. 


3.4 Discussion 

The divisions of the grassland range type were 
consistent with the classifications of several other 
authorities (Moss and Campbell 1947, Mueggler and Stewart 
1980). Additionally, densities and dominance in the forest 
and shrub range types were comparable to those found in the 
Porcupine Hills (Duffy 1971, Ogilvie 1971, Shouesmith 1972). 
This allowed several inferences on range condition and the 
effects of use (Appendix A), and gave an understanding of 


the variation in discrete range types. 
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4. RESOURCE USE 


4.1 Introduction 

Resource use by ungulates can be measured in several 
ways. In studies aimed at describing competition, the 
techniques usually concentrate on the forage resource: proof 
of competitive interactions is contingent on finding those 
forages, utilized by both species, in limited supply (Cole 
1958). But the management of ungulates requires more 
information than a description of forage competition. 

"In=particular,.a better understanding of@habitat 

requirements in relation to wild ungulate 

behaviour is imperative to wise management 

Gdecisionss!—(Scotter 1980, p. 24) 

The purpose of this section is to describe the 
distributions, activities and diets of elk, mule deer, and 
cattle in relation to temporal, spatial, range and forage 


resources on the Bob Creek Area. 


4.2 Methods 


4.2.1 Field Methods 


4.2.1.1 Animal Observations 
The distribution of animals was systematically recorded 


by travelling a daily combination of predetermined routes 
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and random transects. All observations were located in the 
feeld,Bon, 1:20,000 scale black and white aerial photographs. 
The locations were later converted into Universal Transverse 
Mercator grid coordinates and plotted. 

Species, sex, age class and activity (foraging, bedded, 
travelling, other) were recorded for each animal 
observation. The range type and topographic situation 
(slope, aspect, and altitude) were described, and distances 
to known features in the area (water, salt, roads, snow and 
Shrub or forest cover) were estimated. 

Daily recordings of wind velocity, temperature and 
precipitation were made at base camp. However, environmental 
characteristics such as wind speed and direction, 
temperature, and barometric pressure may have considerable 
Variation over the Bob Creek Area because of topographical 
differences; much more information than base station 
readings would be required to evaluate environmental 
selectivity in animals. Thus, only two parameters were used 
ae an estimate of environmental selectivity: shade cover 
(created by clouds, vegetation or topographic conditions) as 
an indication of selection for cool or sheltered areas; and 
snow depth on south aspects as an indication of selection 
for areas of available forage. 

Ine total, 804 observationsyoftd7,158eanamads were 
recorded. The distribution of observations among species and 
resource parameters is detailed in Appendix B. All 


percentage values in the figures and tables are derived from 
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the numbers of observations of each species given in 


Tab 6 iBie2.: 


4.2.1.2 Fecal Group Distributions 

Direct observation can be biased in favour of open 
range types and slopes adjacent to the observer's travel 
corridors. Fecal group counts were used to evaluate this 
bias and to provide additional data. 

Fecal group counts and other indications of use which 
could be identified by species were recorded on 15 m 
diameter plots. Plots were placed at random along transects 
Subjectively chosen for their proportional cover of forest 
and grassland vegetation (Franklin et al. 1970). 

On each plot, the range type, topographic situation, 
and distances to known features were recorded. Soil 
condition was evaluated in terms of the incidence of 
trampling damage to plants, plant pedistalling, erosion 
hazards and soil movement (on a scale of none, common, 
widespread, severe). 

During the investigation, 3,111 fecal groups were 
eounted on 208 field plots. The distribution of fecalygroups 


and field plots is detailed in Appendix B. 


4.2.1.3 Diets 

The analysis of plant fragments in feces can provide 
qualitative information on the relative components of 
herbivore diets (Anthony and Smith 1972, Vavra et al]. 1978). 
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Quantitative measure of the plant material eaten because of 
the likelihood of differential digestion, the variation 
inherent in sample preparation, and ae probability of 
misidentification of plant fragments (Smith and Shandruk 
1979, Vavra and Holechek 1980). Probably, the results of 
fecal fragment analysis are best used as rank order or 
presence/absence data. 

The methods of Hansen and Clark (1977) were followed 
for the collection and analysis of fecal material. 
Collection sites were superimposed on the previously 
selected grassland composition plots, and were without bias 
for the animal species present. Samples of approximately 2 g 
each were collected from 50 fecal groups for each ungulate 
species present in the plot. These samples were composed 
into one sample for each species at that location. 

In total, 36 composite samples were collected (Appendix 
B). Samples were ground in a Wiley mill through a 1 mm 
screen after drying at 100°C for 24 hours. One hundred 
microscope fields were examined per composite sample. Fecal 
material and individual samples of all plant Species 
encountered during the vegetation survey of the Bob Creek 
Area were forwarded to the Composition Analysis Laboratory 


at Colorado State University for technical analysis. 
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4.2.2 Statistical Analysis 


4.2.2.1 Distributions 

Data summaries and frequency tables were used to assess 
the distribution of animal observations and fecal group 
counts. Daily summaries were related to the position of the 
sun in the solar arc (east, southeast, south, southwest, 
west) corresponding to dawn, mid-morning, noon, afternoon, 
and dusk. Seasonal observations were pooled into spring 
(April, May, June), summer (July, August, September), fall 
(October, November, December) and winter (January, February, 
March). 

Observation biases and centres of animal distribution 
were evaluated by dividing the study area into square planar 
units (cells) 25 ha (500 m x 500 m) in size. The geographic 
centre of the study area (in NW 1/4 of section 8, Township 
11, Range 2, West of the 5th Meridian) was used as a 
reference point. Exactly 50% of the 25 ha cells occurred 
north of an east/west axis running through this point, and 
B0%moccurread west Of a north/south axis. A circle; with a 
4.3 km radius from the centre of the study area, covered 


5,810 ha or slightly more than 50% of the total study area. 


4.2.2.z2eDiets 

The percentage composition of plant material in 
ungulate feces was ranked and the ranked sets compared to 
determine if each sample was Significantly different from 


the other samples (Kruskall-Wallis rank order statistic, 
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P=305) ‘(Conover 1980). The comparison tested the truth of 
the statement: all composite samples for one a eee 
Species are identical. Because each composite sample was 
collected in a separate location, acceptance of the 
statement would indicate that the diet of that ungulate was 


Similar throughout the Bob Creek Area. 


42.2.3 ACtivities 

Comparisons between a species' activity and its 
distribution along temporal, spatial, and environmental 
gradients were made by multivariate nominal scale analysis 
(MNA) (Andrews and Messenger 1973). 

The coefficients of response produced by an MNA model, 
indicate whether the observed response to an independent 
variable iS proportionately more or less than expected. The 
use and limitations of these and other MNA statistics for 
ecological studies involving ungulates have been discussed 
by Hudson (1977). Tables of animal response to ecological 


features in the Bob Creek Area are included in Appendix C. 


4.3 Results 


4.3.1 Seasonal Use of the Bob Creek Area 
Undulate aistributions imeunesBob Creek Areayretiected 


traditional, seasonal patterns of movement. 
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Regional helicopter surveys by the Alberta Fish and 
Wildlife Division reported nearly 700 Cl kROTImEheRBobsGresk 
Pees NeMarchie i /eanc. 19 /8eeThi ceismas falrlyeaccurare 
estimate of the maximum number of elk that may migrate to 
the area each winter. However, the actual use of the area 
varies seasonally, as indicated by the average size of herds 
observed in 1977 and) 1978 (Figure 4.1). The largest bands 
were observed in mid-winter, during the fall rut, and late 
fall migration. Only 2 observations of elk were made in the 
Summer of 1977 after calving (Appendix B). 

Group sizes fell at the opening of the hunting season. 
No poaching was observed prior to the hunting season 
although one week earlier the number of small aircraft and 
observation parties increased substantially. 

Peak aggregations were observed in late winter, just 
prior to spring migration. Band sizes of over 50 animals 
were observed 3 times in February and 20 times in March, 
1977. The largest band, 263 head, was seen in the last week 
of March. One week later the largest band was 59 head, the 
MaximumnerOreAprilsobservations. Durang) 197/8,) the largest 


herd, comprising 220 head, was seen on 25 February. 


4.3.1.2 Mule Deer 
Fish and Wildlife Division surveys reported less than 
35 head of mule deer in March 1977, and about 200 head in 


March 1978. The latter figure is probably the better 
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Figure 4.1 Average group size of elk in relation to month of 
observation, reproductive activity, and hunting seasons. 
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estimate of the mule deer population normally wintering on 
the Bob Creek Area. 

The largest mule deer bands were observed in mid-winter 
endwperore tOrtnestalm rut (Figuresd: 2). esolitarysanimals 
were observed for the most part during the fawning period. 
Band sizes did not exceed 3 animals until September. 

Mule deer became increasingly elusive through the 
hunting season and into the rut. Incidences of poaching were 
reported to authorities commencing approximately 2 weeks 
prior to the Zone 11 hunting season. Maximum band sizes of 
12 animals observed in October, dropped to maximums of 6 
animals in November. No observations of mule deer were 
recorded in December 1977. 

In mid to late winter average band sizes peaked. During 
March 1977, 9 mule deer bands were observed with more than 
10 animals each; the largest band had 69 animals. In April 
1977 only 2 mule deer bands of more than 10 animals were 
observed; the largest band had 18 animals. In February 1978, 
6 bands had more than 10 animals each; the largest was a 
group of 81 animals. During March 1978, only 4 bands were 
observed with counts exceeding 10 head; the largest band had 


37 animals. 


foal. oecattle 
Three livestock management systems are present in the 
Bob Creek Area. The Waldron Grazing Cooperative grazes the 


east flank of the Whaleback Ridge; deeded ranch lands 
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Figure 4.2 Average group size of mule deer in relation to 
month of observation, reproductive activity, and hunting 


seasons. 
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comprise most of the southern third of the study area; and 
the Bob Creek and Lower Spring Creek Forest Reserve grazing 
allotments are administered by the Alberta Forest Service. 

During 1977, cattle grazed portions of the study area 
for varying periods. The southern third of the Bob Creek 
allotment was grazed by 228 head from 16 June to 12 
November. The middle third was grazed by 513 head from 15 
July to 24 November. And the northern third was grazed by 
234 head from 30 June to 24 November. Stock were, for the 
most part, commercial bred yearlings. Mature stock included 
a number of longhorn steers, some over 4 years old. 

Grazing of the Lower Spring allotment was broken into 7 
different periods and 3 areas. The Miles Coulee area was 
grazed by 95 head from 15 July to 1 October when they were 
moved to the east side of the allotment. The east side was 
grazed from 15 June to 22 October: 134 head from 15 June to 
PoeeUiye 56 Neag strom oeUUlyetOez2eOctlober: fandmJounead 
from 1 October to 22 October. The west side was grazed from 
T8houneetLo22 October: 9/6 "head irom 18° June tor losUuly- and 
65 head from 15 July to 22 October. All stock were yearling 
cattle. 

Livestock operations and movements outside of the 
Forest Reserve were also recorded. Winter stock feeding 
operations and calving occurred on deeded land during March. 
Cattle were moved onto the Waldron range almost 1 month 


earlier than they were allowed into the Forest Reserve. 
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Average group sizes for cattle increased at the 
beginning and end of the grazing season (Figure 4.3) During 
the summer the average size of cattle aggregations fell. 
Herds of over 50 head were not normally encountered except 
on extremely hot days, days with strong winds, and on rainy 
Gays-) Tne first 3 snowfalis (8 October, 26 October. 2 
November) melted completely within 3 days. After the October 
snowfalls, aggregations exceeded 50 head for the most part 
only on windy days. After the 2 November 1977 snowfall, 
minimum daily temperatures remained below 0°C. Aggregations 
exceeded 100 head, 5 times in the week following. Fall 


roundups began after this period. 


4.3.2 Spatial and Topographical Use 
Each ungulate had a distinctive distribution over the 


range of topographical features in the Bob Creek Area. 


4 Stee VP ELK 

Elk were observed on 28% (129 cells) of the study area. 
Observations were evenly divided between the east and west 
(48.1% west) but strongly favoured the south and central 
portions (69% south; 76% within 4.3 km of the study area's 
centre). Elk concentrated on Sailor Jack Ridge, between 
Beaverdam and Coyote Creeks, and on the east side of the 
Whaleback Ridge (Figure 4.4). 

On the basis of observations, elk favoured altitudes 


above®1500 mj southern aspects, and gentle to moderate 
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Figure 4.3 Average group size of cattle in relation to month 
of observation. 
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Figure 4.4 Distribution of elk in the Bob Creek Area 
(observations/25 ha). 
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Slopes. Fecal groups were proportionately greater at higher 
elevations, on steeper slopes, and on north aspects 
(Appendix B). 

Specifically, elk favoured elevations between 1500 m 
and 1600 m. (Figure 4.5). Seasonally, they selected higher 
elevations in the spring and fall. Diurnally, higher 
elevations were selected throughout the morning, peaking at 
noon, and lower elevations at dusk. 

For the most part, elk used gentle (0-10%) slopes in 
all seasons and daily periods (Figure 4.6). Steep slopes 
were selected in the winter and spring. 

Elk were usually observed on south (SE, S, SW) aspects 
(Table 4.1). Secondarily, their use shifted from west 
aspects in the winter to east aspects in the spring, and 


from west in the mornings to east in the evenings. 


4.3.2.2 Mule Deer 

Mule deer were observed on 24% (110 cells) of the study 
area. Observations were evenly divided between the east and 
west (50.0% west) but strongly favoured the south and 
Cenuralsporcions (80%. south s6U7,eyrthin 4.0 km oof wtherstudy 
area's centre). Mule deer concentrated on Sailor Jack Ridge, 
Cimthemooubiercn portion, of ehObsCreeck son tie whl li Saberween 
Coyote Creek and Eagle Coulee, and on the southern tip of 
the Whaleback Ridge (Figure 4.7). 

On the basis of observations,. mule deer favoured 


altitudes below 1500 m, gentle slopes, and southern aspects. 
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Figure 4.5 Seasonal and diurnal distribution of elk in 
relation to altitude. 
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Figure 4.6 Seasonal and diurnal distribution of elk in 
relation to slope. 
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Table 4.1 Seasonal and diurnal distribution of elk 
in relation to aspect. 


Aspect* Total Observations 
Season Time-of-day 
Mid Aft. 
Spree SUM. Palle Win. Dawn Morn. Noon Noon 
North 2 0 1 5 2 3 0 1 
East 48 1 S pao) 9 18 10 ZA 
West 24 0 4 102 19 31 3 25 
South 55 Z 14 118 37 54 iS 42 
Noe 2 0 0 1 0 2 0 0 
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Dusk 


i 
37 


1 


* The number of obsServations in the table are the sum total 
of observations made on each of the following aspect groups: 
North=NW,N,NE; East=NE,E,SE; West=NW,W,SW; South=SW,S,SE; 


Nil=No aspect. 
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Figure 4.7 Distribution of mule deer in the Bob Creek Area 
(observations/25 ha). 
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Fecal groups were proportionately greater at higher 
elevations, on steeper slopes, and north aspects (Appendix 
Bo 

Seasonally, mule deer favoured higher elevations in the 
winter and spring, and lower elevations in the fall (Figure 
4.8). Diurnally, they selected higher elevations at 
mid-morning and noon, and lower elevations at dawn and in 
the afternoon, 

Mule deer used gentle slopes in the spring, summer and 
fall, but favoured more moderate and steep slopes in the 
winter (Figure 4.9). During the day they selected moderate 
and steep slopes at dawn and dusk. 

Mule deer selected south aspects, secondarily favouring 
east aspects in the spring and west aspects in winter. Ona 
daily basis they shifted from west aspects at dawn to east 
aspects at mid-day, and back to west aspects at dusk (Table 


rn 


ie 32 ao Cartie 

Cattle were observed on 33% (154 cells) of the study 
area. Observations were evenly divided between the east and 
west (53.0% west) but favoured the north and central 
Doettons: (55.0% north; 66.4%) withing 4.3) km of schewstudy 
area's centre). Cattle were concentrated on the Bob Creek 
and Beaverdam Creek areas (Figure 4.10). 

On the basis of observations, cattle favoured altitudes 


between 1400 m and 1500 m, gentle slopes, and southern 
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Figure 4.8 Seasonal and diurnal distribution of mule deer 
relatson £0 altitude. 
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Figure 4.9 Seasonal and diurnal distribution of mule deer 
relation to slope. 
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Table 4.2 Seasonal and diurnal distribution of mule deer 
in relation to aspect. 


Aspect* Total Observations 
Season Time-of-day 
Mid Atte 

SDH ec OuUM mrad del em Wati Dawn Morn. Noon Noon Dusk 
North 4 | 2 | 2 3 2 1 0 
East 18 4 13 12 1S 101 6 1 4 
West ES 6 V2 get 2 1" 3 6 7 
South 28 tz 36 46 36 32 9 22 20 
Nil 5 6 1 2 6 + 3 5 6 


* The number of observations in the table are the sum total 
of observations made on each of the following aspect groups: 
North=NW,N,NE; EBast=NE,E,SE; West=NW,W,SW; South=SW,S,SE; 
Nil=No aspect. 
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Figure 4.10 Distribution of cattle in the Bob Creek Area 
(observations/25 ha). 
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aspects or flat terrain. Fecal groups were proportionately 
greater at higher elevations, on steeper slopes, and north 
aspects (Appendix B). 

Seasonally cattle selected lower elevations in the 
Spring and higher elevations in the fall (Figure 4.11). Ona 
daily basis, cattle favoured lower elevations at dawn and 
dusk, and higher elevations at mid-morning. 

Cattle selected gentle slopes, more so in the spring 
than summer or fall. Moderate and steep slopes were favoured 
at dawn and dusk (Figure 4.12). 

Cattle were observed primarily on south aspects, 
favouring west aspects secondarily in the spring and fall 


andgonta daily basis (Table 4.3). 


4.3.3 Use of Plant Communities 
Ungulates exhibited a selective pattern of use when 
their distributions were compared with the plant community 


mosaic. 


4.3.3.1 Elk 

Elk selected grassland range types, adjacent to mixed 
deciduous forest, or Douglas fir forest, favouring areas 
Witte ban Of tree or Shrubs coverss\(n Contrast, elk 
defecated more often in areaS adjacent to mixed forest and 
open grassland/conifer range types and turther from cover: 
most fecal groups were recorded between 100 m and 250 m from 


cover (Appendix B)). Elk favoured forested range 
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11 Seasonal and diurnal distribution of cattle 
fo) allytude. 
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Figure 4.12 Seasonal and diurnal distribution of cabtlerin 
relation to slope. 
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Table 4.3 Seasonal and diurnal distribution of cattle 
in relation to aspect. 


Aspect * Total Observations 
Season Time-of-day 
Mid Aft 

Spmae Sume Fall Win. Dawn Morn. Noon Noon Dusk 
North 2 y 3 0 5 2 “ 0 0 
East | 61 ils) 1 5 20 25 10 10 
West 5 66 40 1 36 33 Pees We 7 
South 10 116 56 S) 56 57. 39 25 10 
Nil 4 46 4] 0 14 ie 36 ia 5 


* The number of observations in the table are the sum total 
of observations made on each of the following aspect groups: 
North=NW,N,NE; East=NE,E,SE; West=NW,W,SW; South=SW,S,SE; 
Nil=No aspect. 
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types - Douglas fir, mixed deciduous, and grassland/conifer 
eypes = more often jin the fall than’ in other Seasons. ‘On a 
daily basis elk selected forested range types primarily at 


noom (higqure 4.413). 


4.3.3.2 Mule Deer 

Mule deer selected grassland range types adjacent to 
mixed deciduous or grass/conifer range types, favouring 
areas within 25 m of tree or shrub cover (Mule deer 
defecated primarily in areas adjacent to grass/conifer and 
Douglas fir forest and between 25 m and 100 m from cover 
(Appendix B)). 

Mule deer selected low shrub range types relatively 
more often in the fall and winter. They were observed in 
forested range types least often in winter and most often in 
spring (Figure 4.14). 

Diurnally mule deer were observed in grassland and low 
shrub range types from dawn to mid-morning. They were 
observed in forested range types more often in the 
afternoon. Low shrub communities were also important in the 


afternoon and at dusk. 


ATI oO CaCL le 

Cattle selected grassland range types adjacent to mixed 
deciduous forests, favouring areas within 100 m of tree 
cover, and within 25 m of shrubs (Appendix B). (However, 
cattle defecated more in areas adjacent to grass/conifer 


range types and other forest types.) 
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Figure 4.13 Seasonal and diurnal distribution of elk in 
relation to habitat. 
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Figure 4.14 Seasonal and diurnal distribution of mule deer 
in relation to habitat. 
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Cattle were observed in grassland range, more so in the 
fall than in the spring (Figure 4.15). They selected low 
Shrub, grass/conifer, and mixed forest most often in summer 
and mixed deciduous forest most often in spring. 

Diurnally, cattle favoured grassland range types at 
dawn and dusk. They were observed more often in low shrub 
and mixed forest types at noon, and mixed deciduous forest 


in thevmafternoon. 


4.3.4 Diets 

Considering the wide variety of plant species available 
in the Bob Creek Area, ungulates selected only a few as 
forage. In part, this may be related to problems inherent in 
analyzing plant fragments that have been subjected to 
digestive degredation in an animal's gut. 

Errors from the technical analysis included the 
identieacation of squirrel tail) (Sitanion hystrix) asa 
minor component in 2 composite samples of elk feces and 2 
composite samples of cattle feces. This species was not 
observed in the vegetation survey and would probably be of 
very minor occurrence if present (Budd and Best 1969); it is 
included in the 'Other' grass category. A fragment 
identified as Oryzopsis hymenoides was reported in one mule 
deer composite sample, a species not observed during the 
range survey; it was also included in the 'Other' grass 
category. The forb component was not well represented, which 
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Figure 4.15 Seasonal and diurnal distribution of cattle in 
relation to habitat. 
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fragment degredation and digestion, or technical errors. 
Classifications of ‘’Boraginaceae’ and ‘Compositae’ are so 
broad that they effectively function as 'Other' forb 
categories. One technical error was present in the browse 
component: a fragment identified as Quercus was recorded in 
one composite sample of mule deer feces. This genus is not 


listed by Moss (1959) as an indigenous Alberta taxon. 


4.3.4.1 Elk 

The diets of wintering elk were composed of a wide 
variety of species. However, the grasses, especially the 
fescues (Festuca) were the most prevalent material. On 
average, fescues made up 89.3% of the grass material 
identified. The most important forb was sage (Artemisia), 
and browse, Douglas fir (Pseudotsuga). Forbs were least 
often identified perhaps because they are less available, 
less palatable, or less identifiable after passing through 
elk digestive systems (Table 4.4). 

Some local selection was evident, but not significant. 
For example, bluegrass (Poa spp.) appears to be locally 
important in the Bob Creek and Whaleback Ridge samples; 
brome (Bromus) is more prevalent in the Spring Creek 
samples; wheatgrass (Agropyron) is found mostly in samples 


from the Whaleback Ridge. 
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Table 4.4 Average composition (%) of plants in elk winter 
diétsefrom 3 locales in the Bob Creek Area. 


Plant SpLang. Bob Whaleback 
Type Creek Creek Ridge Avge. 
(5)) C10) (3) (18) 

Grass/Sedge 
Agropyron Sale ud HOS) SBS) 
Bouteloua 06 p29 0.0 218 
Bromus 2o3 5 airs: ais 
Danthonia 4.01 5.74 3e¢he 4.82 
Elymus Ore G «03 9 Al ths) 
Festuca 89.54 82.84 SbroG S5606 
Koeleria eee eouL ey bes: pyre 
Poa 569 291 iaa0 .88 
Stipa .57 Wacke .67 1.00 
Carex i610 8.05 2.00 259 
Other 06 06 G0 —05 
Total OF eneS 94.74 eS, D532 

Forbs 
Artemisia ~42 19 sales 24 
Compositae OG 2 08 0.0 FO3 
Lupinus .06 elie O20 si the 
Tota L Oe 34 Pei —30 

Browse 
Elaeagnus "0:6 O50 Ok0 a2 
Juniperus 0.0 62 aco) 40 
Picea Ox 09 46 ee 
Pseudotsuga PLT AMS 4.16 4.88 Se ys 
Rubus a 203 Ord a2 
Salix 00 03 OF 0 02 
Total Linea 4,93 Bi ghee 43:1 


( )=number of composite samples in the locale 
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4.3.4.2 Mule Deer 

Browse was the principal forage source for mule deer 
wintering in the Bob Creek Area, and primarily, Douglas fir 
(Pseudotsuga) (Table 4.5). Juniper (Juniperus) and 
Silverberry (EJa@agnus) were important components in the Bob 
Creek and Whaleback Ridge locales. The forb component was 
the least prevalent, apparently confined to species of sage. 

Some local but not significant differences occur, sedge 
being utilized more along Bob Creek, and wheatgrass, 
bluegrass and needlegrass on the Whaleback Ridge. The 


fescues were the most ubiquitous grasses in the diet. 


Asie oe Cattle 

Grasses and sedge made up an average of 98.6% of the 
material in summer cattle diets. Fescues (Festuca) averaged 
88.3% of the grass material (Table 4.6). The most important 
forb was sage, a component contributed only from the 
southern third of Bob Creek. Forbs, more than any other 
group, may be locally selected; no single forb was present 
in all samples. 

Douglas fir was the most important browse component and 
it was selected only in Bob Creek locales. Wheatgrass, grama 
grass, and bluegrass were present to greater degrees in 
samples from the southern third of the Bob Creek. Rushes 
(Juncus) were present in samples from the middle and 
northern thirds of Bob Creek, and from the Whaleback Ridge. 


A high proportion of sedge waS present in the northern Bob 
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Table 4.5 Average composition (%) of plants in mule deer 
winter diets from 3 locales in the Bob Creek 


Area. 
Plant Spring Bob Whaleback 
Type Creek Creek Ridge Avge. 
(i) Gin (3) (6) 
Grass/Sedge 
Agropyron a0 0 30 04 m2 
Danthonia aly: aoe 48 rt] 
Festuca +. 53 eGo 1.46 2 
Poa O70 0 04 02 
Stipa 0.0 0.0 04 02 
Carex OF. 0 a2 0.0 05 
Other OA) Ueg) Ou, 03 
Total Bi 9 4.32 ys Zo 
Forbs 
Artemisia 0.0 432 09 aig 
Other DRO O20 is 06 
Total OF, 0 32 ae 16 
Browse 
Elaeagnus Oe te ee 0.0 1.47 
Juniperus 030 id aes) 6.43 525 
Picea GAG Tae2 12493 ite 
Pseudotsuga T6ercel F2sOS 89.20 88.81 
Salix 030 0.0 avs fils 
Other Se O80 O18 OS 
Total 96.41 95.06 G7 65 96.87 


(_)=number of composite samples in the locale 
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Creek samples as well. 


4.3.5 Environmental Selection 

Ungulates actively select some of the environmental 
conditions which surround them. Examples include the 
selection of areas with greater or lesser shade cover, snow 
depth; ®and®distances to featuresUsuch as water and’salt. The 
distribution of ungulates in the Bob Creek Area reflect 


these influences. 


430. eELK 

Elk were usually observed in either unshaded or totally 
Shaded conditions (Table 4.7). Not unexpectedly, shaded elk 
were observed more often on north and west aspects and in 
forested range types. 

As snow depth increased, elk increasingly favoured 
moderate (11-25%) slopes, more westerly aspects and the 
grass/conifer range type. Whenever snow depths exceeded 6 
dm, elk were usually observed on gentle and moderate, 
southwest, grassy slopes. 

Elk were not observed using cattle salting stations 
although elk tracks and dung were often present around them. 
They also watered at a few small, ice-free springs. However, 
the contribution of these factors to elk range use could not 
be discerned because of the difficulty of locating the water 


or salt source nearest to an animal observation. 
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Table 4.6 Average composition (%) of plants in cattle 
summer diets from 5 locales in the Bob Creek 


Area. j 
Plant Spring Bob Whaleback 
Type Creek Creek Ridge Avge. 
North Middle South 
(1) (1) (6) (3) van) OES) 
Grass/Sedge 
Agropyron 0.0 Od ONO 23 OO 06 
Bouteloua OF 0 0.0 0.0 38 GeO 210 
Bromus 245 48 =e, 08 020 Av rs) 
Danthonia Sa 1.43 4.08 59:35 3.84 AB5S 
Festuca OiGre/0 S067 89.50 84.99 9279 87.64 
Koeleria 0.0 1690 P15 F OW. 48 44 
Poa OG 0.0 09 oH, 24 28 
Stipa 0.0 1243 rag 1.51 0.0 93 
Carex 30-20 11569 Seco 4.71 20.38 4.24 
Juncus OO 1.43 i098 0.0 AA 13 
Other 45 050 19 0.0 070 10 
Total 998 55 99.04 99.42 9827/9 - 100800 99930 
Forbs 
Artemisia 0.0 0.0 0.0 ed OO eu 
Boraginaceae 0.0 0.0 0G 0.0 0.0 03 
Compositae 45 020 0.0 Ord U0 .04 
Equisetum 0.0 On 0 04 0.0 0.0 02 
Lupinus O20 hao) 05 0.0 0.0 208 
Phlox 0.0 p20 0.0 a 070 303 
Other 0.0 0.10 09 00 0.0 04 
Total 45 05-0 24 38 050 26 
Browse 
Picea 0.0 48 Os0 30 mae) 12 
Pseudotsuga 0.0 48 34 42 0.0 132 
Salix 0.0 Osn0 OFF? 11 0-0 ihe 
Total 0-0 .96 34 oS 050 47 


( )=number of composite samples in the locale 
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Table 4.7 Distribution of elk (% observations) in relation 
to shade and snow depth. 


a 


Parameter Shade Cover Snow Depth 
(dm) 
None Partial Total Om eats) >6 

Boresved tenge Syoese ee ee 
Total Obs. 42.0 Abed 47.1 6275 11.4 21. 2 
Slope 

Gentle ee ee) 42.9 47.5 Died 34.5 hems) 
Moderate 40.2 See | 35.0 39.0 41.4 40.7 
Steep Sue Shee 17. 5 S50 24.1 20.4 
Aspect 

N Om 0.0 2no Lez. O80 Oa) 
NW 7c SAG ev a6 3.4 ore 
NE a0 0.0 76 6 O10 0.0 
wares 9.area 4n3 Loaded b4y1t6 6.9 9.3 
E Leas 336 ora 14.0 PQ83 Nees, 
SW DANN kOe 2687 nos 2 atl. 2 46.3 
SE oie Siete | CARN | 235 fl Bees 1320 
5 2a Slept Zo a0 ad | eye) 34.0 25.2 
Nil ao 0.0 il! Teel Ou 0.0 
Range type 

Grassland 84.1 82a 7.5 AC 82.0 58.6 Sans 
Low shrub Zi 0.0 ee) .6 13.6 ee 
Mix.Sdece.rion: ao Ses 1 howd 3.4 On0 
Dougugt iangon. G10 50 dan no yer? O86 Oi 0 
Grassveéoniter, o)2.1 hel 20.0 14.0 24.1 14.8 


Mixed forest G7, 0 0.0 0.0 OF 0 Giei0 0.0 
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4.3.5.2 Mule Deer 


Mule deer were usually observed in totally shaded 
conditions (Table DOD Not unexpectedly, shaded mule deer 
were observed more often on north and west aspects in 
forested range types. 

As snow depth increased, mule deer were increasingly 
observed on moderate and steep slopes, east and west 
aspects, and on grassland range. When snow exceeded 6 dm, 
mule deer were usually observed on south and west grassland 
slopes. 

One instance of use of a cattle salt station was 
reported; the soil adjacent to the salt block was licked, 
not the salt block. Locating the preferred water and salt 
sources in a given area was confounded by the numerous small 
streams present in the hills, and the fact that old salt 


Stations could be good salt sources for mule deer. 


Ano eowcatltULle 

Cattle were observed equally in total shade or unshaded 
conditions (Table 4.9). Not unexpectedly, shaded cattle were 
observed more often in forested range types and on north and 
WES ASPECTS. 

Snow rarely exceeded 2 dm in depth, and was not present 
fOumanyelengehyotetame while cattleswere onthe area 
(Secemone4: sen.3)7.Other®weather’characteristics @heat and 
wind, may have had substantially greater effects on.cattle 


activity but required more data than the base station 
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Gapven 4.3 Distribution of mule deer (% observations) in 
relation to shade and snow depth. 


Parameter Shade Cover Snow Depth 
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readings recorded over the course of the study. 
The etfects of iwater or saltson cattle distribution 
could not be evaluated because of the difficulty any locating 


the nearest source. 


4.3.6 Activity and Range Use 
Ungulate range use was not only a function of the 
speevesiiidistribution. The! activity offeach species was also 


pariewt the pattern. 


£33.6.1 Elk 

Elk were uSually observed foraging but this varied ona 
seasonal and daily basis (Figure 4.16). Foraging elk were 
most likely to be observed in winter and spring, around dawn 
and dusk, below 1500 m altitude, on monet ate and steep 
slopes, and on east and southwest aspects. Travelling elk 
were most likely to be observed in the fall, at noon and 
during the afternoon, between 1500 and 1600 m, on gentle 
slopes, and on east and south aspects. Bedded elk were most 
likely to be observed in the fall and winter, from 
mid-morning to the afternoon, above 1600 m or between 1400 m 
and 1500 m, on gentle slopes, and on southeast, Southwest, 
and west aspects. Other activities (reproduction, aggression 
or play) had the greatest likelihood of being observed in 
the fall at dusk. Elk were most easily disturbed in the 
SOring, at mid-morning and noon, atealtitudes above 1500 om, 


and on east, southeast and west aspects. 
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Tagles4.9 “Distrabution of cattle (Yeopservations) in 
relarton to shade. 


Parameter Shade Cover 
None Partial Tove. 
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Figure 4.16 Seasonal and diurnal distribution of elk 
activity. 
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The vegetation type also had a bearing on elk activity. 
Foraging elk favoured grass/conifer range more than open 
grassland, range adjacent to low shrub, mixed forest and 
mixed deciduous forest types, and distances between 25 m and 
100 m from trees and shrubs. Travelling elk favoured 
forested range types, and range adjacent to grassland range 
types. Bedded elk selected forest or low shrub communities 
adjacent to grassland range types; they were generally 
closer to shrubs than trees. Other activities were usually 
observed in grassland range types, within 25 m of tree 
cover. Elk were most likely to be disturbed in or around 
grassland range and at distances between 100 m and 250 m 
from tree or shrub cover. 

In relation to environmental conditions foraging elk 
tended to select totally shaded sites and areas with no snow 
if possible. Travelling elk were most likely to be observed 
within 25 m to 100 m from a known water source. Bedded elk 
favoured unshaded areas, and light snow conditions. Other 
activities were most likely to be observed in total shade. 
Elk were most likely to be disturbed by the observer from 
partially shaded sites and between 25 and 100 m from a known 
WabLET soOUrCEe, 

When elk had been disturbed by the observer's 
activities they usually stood, watchful, or walked ina 
slow, head-high manner, away from the observer. Those elk 
which walked or ran from the observer uSually selected 


forest cover (93.5% of observations of disturbed elk). Most 
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elk (67.9%) went a total distance of less than 250 m before 
disappearing from view. However, on at least 5 occasions 
animals were observed still travelling at distances of 1 km 


from the point of disturbance. 


4.3.6.2 Mule Deer 

Mule deer were usually observed foraging but this 
varied according to the season and the time-of-day (Figure 
4.17). Foraging mule deer were most likely to be observed in 
the winter, at dusk or dawn, between 1500 m and 1600 m 
altitude, on steep slopes, and south aspects. Travelling 
mule deer were most likely to be observed in the spring and 
summer, at dawn and noon, below 1400 m, on gentle slopes, 
and on east, southeast or west aspects. The observer was 
most likely to disturb mule deer in the summer and fall, in 
the afternoon, below 1400 m, on gentle slopes, and west 
aspects. There were too few observations of other activities 
to warrant interpretation. 

In terms of vegetation, foraging mule deer were most 
likely to be observed in grassland range types, areas 
adjacent to grass/conifer or grassland range, and within 25 
m of tree or shrub cover. Travelling mule deer favoured 
grass/conifer range or mixed deciduous forest, areas 
Gcgjacenuslonlowashzub COMmMUnn tes mise lectingmdistances 
between 25 and 100 m from trees and shrubs. Bedded animals 
selected grass/conifer range, areas adjacent to grassland 


rangerttypes, within 25 m of trees) and over 250 m from 
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Figure 4.17 Seasonal and diurnal distribution of mule deer 
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Shrubs. The observer was most likely to disturb mule deer in 
mixed deciduous forest types, in areas adjacent to mixed 
deciduous forest, within 25 m or over 250 m from trees, and 
between 25 m and 100 m from shrubs. 

Environmental gradients had some effect on mule deer 
activity. Foraging mule deer selected unshaded sites, while 
travelling mule deer were most likely to be observed in 
total shade. Bedded mule deer favoured partial shade where 
there was no snow. Mule deer were most likely to be 
disturbed from partially shaded sites, areas with moderate 
snow depths, and within 100 m of water. 

When mule deer had been disturbed they usually left the 
area (60.7% of the observations of disturbed mule deer). 
They usually selected forested cover (84.3%) but a few panic 
stricken individuals ran into open grasslands or low shrub 
range types. Most mule deer (60.5%) walked or ran a total 
distance of less than 100 m before disappearing, while fully 
panicked animals were observed running more than 1000 m 


before stopping. 


At O es Cattle 

Foraging cattle were most likely to be observed in the 
spring, at dawn and dusk, below 1400 m altitude, on moderate 
and steep slopes, and on southwest or southeast aspects 
(Sy qurem4 115). Travelling cattlegweresmostuiikelys to obe 
observed in the spring, at noon, below 1400 m altitude, on 


moderate to steep slopes, and on east aspects. Bedded cattle 
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Figure 4.18 Seasonal and diurnal distribution of cattle 
activity. 
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were most likely to be observed in the summer, around noon, 
between 1500 m and 1600 m, on gentle slopes, and on east or 
west) ‘aspectsistFewy' other 'dctivities ‘were treportedis Cattle 
were most likely to be disturbed by the observer in the 
fall, in the afternoon, between 1400 m and 1600 m, on gentle 
slopes, and on eaSt aspects. 

With respect to vegetation, foraging cattle favoured 
grassland range, areas adjacent to grass/conifer range 
types, distances between 250 m and 500 m from trees, and 
within 25 m of shrubs. Travelling cattle also favoured 
grassland range or areas adjacent to grassland range, and 
distances between 100 m and 250 m from trees. Bedded cattle 
selected forested or shrub range types, particularly mixed 
deciduous forest; areaS adjacent to low shrub range, within 
25 m of trees, and between 100 m and 250 m from shrubs. 
Cattle were most likely to be disturbed by the observer from 
mixed deciduous forest. 

Cattle favoured total shade for foraging and 
travelling. Bedded cattle were most likely to be observed in 
partial shade and within 25 m of water. Consequently, cattle 
were most likely to be disturbed from totally shaded areas 
Willner 25m to hewate me 

On 12 occasions cattle were so disturbed by a motor 
bike that they left the area. Usually (75%) they travelled 
less than 100 m and selected open grassland (58.3%) or mixed 


deciduous forest. 
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4.4 Interpretation of Resource Use 
The following discussion is aimed at identifying the 
Strategies used by elk, mule deer, and cattle in selecting 


particular resources in the Bob Creek Area. 


4.4.1 Elk 

The social organization of elk has been recently 
reviewed by Shoesmith (1979) and the most important 
conclusion is that of the 'generalist' nature of elk 
behaviour: elk cannot be accurately classified as migratory 
Or sedentary aS a species, and their choice of habitat and 
forage varies with the circumstances surrounding a 
particular population (Banfield 1974, Craighead et al). 
So7SR 

The band sizes of elk in the Bob Creek Area were large 
when compared with those reported in other areas (Mackie 
1970, Picton 1980, Rounds 1980). Extreme limitations in 
winter range coupled with extensively available spring and 
‘summer range may, in part, explain the large size of winter 
aggregations. However, winter weather seems to have a great 
impact (Figure 2.2, 2.3, and 4.1) on behaviour and may 
affect the size of aggregations as well. Snow cover appears 
to be the major factor influencing the timing of migrations 
and the size of individual bands. Elk gathered in larger 
groups more frequently during the mild 1977 winter than the 
more severe 1978 winter. The largest herds in both winters 


were observed immediately after heavy snowfalls. The 
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Strategy appears to be that when there is no snow cover, or 
mihi Siveryiehighty the activities of elk are concentrated on 
the largest, most amenable areas. As the average snow depth 
increases, the bands become smaller and more spread out; 
severe storms may concentrate them again, but only for short 
periods. 

Elk were highly oriented towards a few of the 25 ha 
cells in the Bob Creek Area. Again, snow cover appears to be 
the most important factor on these sites. Critical elk 
winter range cannot, therefore, be exclusively described as 
the higher altitudes, steeper slopes, southern aspects or 
open vegetation types on the Bob Creek Area. It must instead 
be described as small cells or key range sites which, 
because of site-specific combinations of topography and 
vegetation, tend to have less snow cover than average. 

Elk relied primarily on one plant group, grasses, and 
more specifically the fescues. The data on diets are not 
greatly different from those of other elk dietary studies. 
Hansen and Clark (1977) found elk fecal samples were mostly 
composed of grasses and sedge (56%). Skovlin and Vavra 
(1979) found that the percentage of browse and grasses in 
winter fecal material varied with the area but grasses were 
always most prevalent. 

Elk concentrated specific activities within a fairly 
narrow range of topographic, vegetational, and environmental 
features. The amount of activity varied on a temporal basis. 


For example, elk foraged mostly within specific areas and 
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increased their foraging effort in winter and spring and at 
dawn and dusk. This was likely their response to changes in 


forage quantity and quality, and environmental conditions. 


4.4,2 Mule deer 

Banfield (1974) described mule deer as normally 
gregarious during the winter, and somewhat less so in the 
Summer. Mackie (1970) felt the need for association was 
least important in mule deer, animals tending to band or 
disband depending on available habitat and food. He observed 
increaSing group sizes in periods when forage quantity and 
quality were low and felt that mule deer were banding on 
those sites where forage was more available. Several authors 
have indicated a threshold level of snow depth may 
precipitate movement to winter ranges where animals band 
into larger groups (Kramer 1971, Gilbert et a]. 1970) 

The size of mule deer bands in the Bob Creek Area 
tended to vary considerably from the average monthly values. 
The degree of variation probably ae the individual 
mule deer's response to climate, habitat and forage 
availabulity., andesoeon, in tcongunotion lwithreheganimal’s 
condition. Movements to ranges which are more amenable will 
depend primarily on the individual's tolerance for 
deteriorating econdijtions ingies imomeumangeyrand its” 
physical condition. 

Weather conditions may have contributed to an earlier 


and higher peak group size in 1978 (Figs. 2.2, 2.3, and 
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4.2). Presumably, continuous snow cover and cold 
temperatures force more deer onto limited areas; the highest 
band sizes in both winters were observed after snow had 
blanketed the study area and before winds or temperatures 
had reduced its cover on south-facing slopes. The strategy 
of resource use appears to be that the activities of mule 
deer are normally centred on small home ranges when 
resources are available. As conditions deteriorate, mule 
deer tend to aggregate on more limited winter ranges. 

Mule deer were highly oriented towards a few of the 25 
ha cells in the Bob Creek Area. Snow depth appears to be one 
of the most important factors dictating the use of these key 
range sites. Critical mule deer winter range can therefore 
be described as those sites with southern and western 
aspects, and more coniferous and shrub vegetation, which 
tend to have less snow cover than average. 

Douglas fir contributes heavily to the winter diets of 
mule deer in the Bob Creek Area, in comparison to mule deer 
diets reported for other regions. In Montana, Constan (1972) 
recorded Douglas fir in only 2% of the instances of winter 
plant use for mule deer, although animals were mostly 
observed within the Douglas fir range type over the winter 
period. Nellis and Ross (1969) found an average of 20.7% 
Douglas fir in rumens of wintering mule deer. 

Mule deer varied their activity on a temporal basis. A 
particular activity was commonly associated with a fairly 


narrow range of spatial, topographic, and vegetational 
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features. The time spent in a particular activity increased 
or decreased seasonally, probably in relation to forage 
quantity and quality, and daily in relation to changing 


environmental conditions. 


4.4.3 Cattle 

Arnold@and Dudzinskie( 1978 )iMastateSthat Sthessize of 
aggregations ina herd of 300 cows varied from 4 to 11 
animals. Apparently, these animals had been grazing the area 
for some time, so most animals were familiar with it. Cattle 
in the Bob Creek Area were mostly yearlings, and although 
yearlings often range further, their inexperience with 
grazing, and with the area, may contribute to higher average 
group sizes. 

The grazing system for cattle in the Bob Creek Area is 
highly regulated. Within the Forest Reserve, permittees were 
required to ride and salt the animals to effect better 
distribution. These activities should break up large groups 
and move cattle away from areas where they were turned-in. 
This is one possible reason For the observed decrease in 
average group sizes after cattle were turned into the study 
area. Additionally, Arnold and Dudzinski (1978) indicate 
that as vegetation becomes senescent and the quantity 
available falls, the average size of aggregations is 
reduced. Thus, lower group sizes and greater dispersion of 


groups would be expected as the grazing season progressed. 
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Cattle were highly oriented towards a few 25 ha cells 
on the Bob Creek Area. Distance to water was one of the 
major factors affecting this distribution. 

Cattle relied on one plant group, grasses, and 
specifically the fescues for forage. Cattle are known to 
select diets composed primarily of grasses, limiting their 
intake of forbs and browse (Kothmann 1980). Selection may 
alter with the seasonal availability, preference, and 
palatability of the forage. In this study, the greatest 
variety of forbs were found in diets from the middle third 
of the Bob Creek region while the greatest amount of forbs 
were found in diets from the Spring Creek and southern third 
of Bob Creek. These latter areas were grazed earlier by 
cattle (beginning 15 June in the Forest Reserve and earlier 
on private land) while the former was grazed by more cattle. 
Although no significant difference exists, based on rankings 
between these three locales, there does appear to be some 
evidence of differential selection between these areas. 

Cattle showed only slight variations in the seasonal 
distribution of a particular activity, possibly because the 
availability and quality of forage remained high through the 
grazing season. In contrast certain activities were much 
more prevalent at particular timeswol the day, probably in 
response to changing environmental conditions. As with elk 
and mule deer, particular activities were associated with a 
fairly narrow range of spatial, topographical and 


vegetational features. 
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59. RESOURCE DIVISION 


Deen LrOdUuct1on 

Hanley (1982b) determined that resource division (an 
Observed separation in resource uSe, also referred to as 
partitioning) between ungulates is related to the 
characteristics of animals and the available forage base. He 
suggested that facilitative (synergistic) grazing systems, 
Similar to those of East and South Africa (Sinclair and 
Norton-Griffiths 1982) could exist between livestock and 
wild ungulates on North American rangelands. There are few 
precedents for this suggestion. A great deal of evidence has 
been compiled (Mackie 1978) that supports the theory of 
non-facilitation: negative consequences have generally 
resulted from livestock grazing. However, this should not be 
unexpected given past land use policies (Dana and Fairfax 
1980). It may be that non-facilitation is more a result of 
poor management practices than it is of competitive 
relationships. 

In fact there is evidence of resource division and 
facilitation in North American grazing systems. Hudson 
(1976, 1977) found evidence of resource separation among 
elk, white-tailed deer, mule deer and big horn sheep in the 
Rocky Mountains. Schwartz and Ellis (1981) reported dietary 
separation among bison, cattle, pronghorn antelope and 


domestic sheep on the Central Plains. Hanley and Hanley 
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(1982) described dietary separations between feral horses, 
cattle, domestic sheep, pronghorn antelope and mule deer on 
Great Basin rangelands. Skovlin et al. (1968) and Julander 
and Jeffrey (1964) have shown that elk, mule deer and cattle 
have different habitat selection strategies. Anderson and 
Sherzinger (1975) deduced that management changes could 
ameliorate conflicts between cattle and elk and facilitate 
grazing by both species. 

In this section the modes of resource division are 
described for ungulates in the Bob Creek Area. By describing 
these divisions two things may be possible. Firstly, they 
may provide evidence of interaction (competitive or 
Synergistic relationships) between the ungulates. And 
secondly, the description of divisions in resource use may 
be important for management decisions related to ungulate 


wSe. 


5.2 Methods 

Ecological theorists have developed a number of ways to 
measure species relationships. Generally, these measures 
describe the size of the niche (diversity or niche breadth); 
the character of the species (predator or prey); the amount 
one species uses of another species niche (overlap); and the 
response of one species to the presence of another 
(association or dissociation). Most of the theory has been 


derived from studies of invertebrate, avian, and small 
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mammal communities but recent applications include ungulates 
(Schwartz and Ellis 1981, Hansen and Clark 1977, Nelson 
1982, Compton 1975) and grazing systems (Noy-Meir 1975). 

The statistics chosen to describe the divisions in 
resource use between species in the Bob Creek Area were 
measures of diversity, overlap and association. Separate 
calculations were made for the animal observation and fecal 
group count data summaries on 8 selected temporal, spatial, 
topographical and dietary resource parameters. 

Duncan's multiple range test (P=.05) was used to assess 
the differences between mean diversities and mean overlap. 
Specific diversities (niche breadths for each species) ona 
resource parameter were compared with the Z-statistic 
(P=.05) (Lyons 1981). Spearman's coefficient of rank 
correlation (P=.05) was used to measure association and 


evaluate the overlap between species. 


5.2.1 Diversity 

Numerous definitions have been applied to the term 
Giverstteym(Hilll 1978; eHuriberted97ie Petrant ici 99750R “bat 
most reduce the concept to 2 functions. Ecological diversity 
PSP daeUncts Ons Ok: 

1. the total number of species or resources; 

2. the proportion contributed by each species or 

resource to the total variation. 
Generally;eif‘a resource’ is equally’ avanlablepforvall 


species, those species with low diversities are more 
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selective of parts of that resource than species with high 
diversities. Additionally, if a species population increases 
in density or the resource decreases in availability, that 
Sspecies' diversity may increase. 

Diversity was calculated using a coefficient referred 
to as the Shannon-Weaver information statistic (Hurlbert 
1971). Further, each diversity coefficient was standardized 
to vary from 0 to 1 by dividing it by the maximum diversity: 
an artificial value that assumes the even distribution of a 
species over a resource parameter. Lyons' (1981) equations 


were used to estimate the variance. 


5.2.2 Overlap and Association 

Simply put, overlap is the amount of a resource jointly 
used by two or more species. It iS a reciprocal index of 
resource division: a high overlap between two species 
implies little resource division. Theoretically an 
understanding of overlap may lead to derivations of the 
competitive ability of each species. Practically, it may 
only provide an understanding of the current division of 
resources between species (Armstrong and McGehee 1980, 
Hurlbert 1978, Schoener 1974, Thomson and Rusterholz 1982). 

A wide variety of overlap indices are available. Since 
Horn's Ro (Horn 1966) is an extension of the Shannon-Weaver 
indexeot, diversity, it was judgedmtombe the most 
appropriate. Ro has a range from 0 (no overlap) to 1 


(complete overlap). 
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A measure of overlap provides no information on the 
Strength of the relationship between species. While it may 
normally be true that high overlap indicates a positive 
association between species (and conversely low overlap 
indicates dissociation) the amount of overlap conveys no 
information about its significance. However, rank order 
correlation, as suggested by Hansen and Clark (1977), 
provides a Suitable test of significance of the 
relationship, as well as an evaluation of association. 

Accordingly, Spearman's rank order correlation 
coefficient, Rho, was used to test the null hypothesis that 
the two species were mutually independent (i.e. they had no 
association) on a resource (P=.05) (Conover 1980, p. 254). A 
negative and significant correlation indicates a large 
division of that resource, and that the species are 
dissociated on that resource (where one species is present 
the other species is not). A positive and significant 
correlation indicates little division of the resource, and 
that the species are associated on that resource (where one 


Species is present the other is too). 


5.3 Results and Discussion 

Byederinivtion, 6 OL sthemseselected resources were 
equally available for every ungulate species. Thus, there 
were 4 seasons, 5 periods-of-the-day (Day), 4 altitude 


groupings, 3 slope categories, 9 aspects, and 6 habitats 
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available for every species. Consequently, higher or lower 
diversities on these parameters could be directly 
interpreted as differences = selectivity. 

However, 2 of the selected resources, spatial 
distribution of observations in 25 ha cells (Space), and 
plant materials in feces (Diets), were not equally available 
for each species. For example, mule deer were observed in 
111 of 466 possible spaces (25 ha cells), while elk were 
observed in 129, and cattle in 154. There were, therefore, 
fewer spaces available for mule deer than for cattle. If 
mule deer were distributed in their 111 spaces more evenly 
than cattle were in their 154 spaces, mule deer would have a 
higher diversity than cattle. 

In order to hold the resource constant, diversities 
were calculated for those spaces (25 ha cells) where each 
species was jointly observed with another species. In this 
case, elk and mule deer used 55 spaces jointly; elk and 
Cattle,= 47 Spaces; and mules deer and cattle, Silvspaces. 

A similar situation existed for the diets. Mule deer 
hadetoreolant sources, while elk@had@’20, and cattle, 212 eMule 
deer could have a higher diversity than cattle, if they used 
their diet sources in more even proportions than cattle.. 

Elk, mule deer, and cattle were equally diverse in 
their use of the Bob Creek Area (mean diversity, Table 5.1). 
Each combination of species (elk-mule deer, elk-cattle, mule 
deer-cattle) had an equal average amount of overlap (mean 


overlap, Table 5.3). An ungulate may have been more or less 
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diverse, and each pair of species may have had more or less 
overlap on individual resources, but overall, the levels of 
diversity and overlap sustained by each species were 
equivalent. This similarity also occurred between the 
different data collection methods: mean animal observation 
diversities and overlaps (Tables 5.1, 5.3) were not 
Significantly different from mean fecal group diversities 


and overlaps (Tables 5.5, 5.6). 


5.3.1 Seasonal Interactions 


Seow. | Diversity 

Mule deer were observed consistently in every season in 
contrast to elk or cattle. So, in terms of Seasonal use, 
mule deer were significantly more diverse than either elk or 
Sap eremUrADLe Sa 5eelanS 2 jr 

Elk and cattle were equally diverse seasonal uSers. 
Although elk and cattle occupied the area for relatively 
distinct time periods, they had an equivalent seasonal 
presence. 

In terms of the daily cycle of activity, elk, mule deer 
and cattle diversities were also equivalent. Thus, they were 


equally selective in their daily patterns of resource use. 


5.3.1.2 Overlap and Association 
Elk and cattle occupied the area at different times, 
hence they had the least seasonal overlap (Table 5.3). Elk 


Werevalso seasonally dissociated; that is there were few elk 
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Table 5.1 Diversitynof célkiiwuletdeentandkcattle inethe 
Bob Creek Area (observation data). 
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Resource Diversity* 
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Table 5.2 


oz 


Comparisons of diversity for elk, mule deer, and 
cattle (Z-statistic on observations). 
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Resource 


season 
Day 
Space 
Altitude 
Slope 
Aspect 


Habitat 


Comparisons of Diversity (2) 
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on the Bob Creek Area when there were many cattle (Table 
ea). 

Elk and mule deer had similar daily activity periods 
while that of cattlélwaseslightly, but notesignificanely 


different. 


5.3.2 Spatial and Topographical Interactions 

The distribution of ungulates over the range (their use 
of space) is related to the selective behaviour of each 
species, to the number of sites available, and to the 


particular group of attributes present at each site. 


5ase2e1 Diversity 

Mule deer were slightly more diverse in their spatial 
distribution than either elk or cattle (Table 5.1). Largely, 
this is a result of mule deer being more evenly distributed 
amongst the 111 cells in which they were observed. In 
comparison, elk were less evenly distributed amongst the 129 
cells in which they were observed, and cattle, on 154 cells, 
were less evenly distributed than elk. This pattern of range 
use was also evident for those cells where pairs of species 
were observed jointly (joint use areas). The more even 
distribution of mule deer may be caused by a greater density 
of mule deer than the 111 cells would normally Support, or 
some behavioural characteristic of mule deer which keeps 


them from aggregating as much as the other species. 
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Table 5,3 
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Overlaps (Ro) of elk, mule deer and cattle 
1n the Bob Creek Area (observation data). 
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Table 5.4 Association (Spearman's Rho) of elk, mule deer 
and cattle in the Bob Creek Area (observation 
datane 


a en OE CREE Se. Chey were SIGHIEICEntIY iése Civerse 
Resource Rank Order Correlation Coefficient (Rho) 
re SF Se eee a ee ee a ee 


All Data JOLT neLUSeHArTeAS 


MUk e& Ath Wk ag Deer & BPRt& | ee ekeek Deer & 
Deer Cattle Cattle Deer Cattle Cattle 


a re eee ee 


Season 40 -—1.00% a. 40 
Day 40 eae, 2. 310 
Space ar2o% 50% =O * fe) pals 30% 
Altitude 3840 Orz0 80% 1.00% 80% 1.00% 
Slope 1.00% 1.00% 1.00% 1.00% 1.00% 1.00% 
Aspect .83% 455 88x .95%* Esoke 98% 
Habitat 1.00% 77% 77% 99x 90% 94% 
Diets 730 64% 08 


* 8S gnifircantil y tcorrebatedieP=.105 
Rho varies from -1.00 (completely dissociated) through 
0 (mutually independent) to 1.00 (completely associated). 
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Because mule deer were observed on fewer cells than 
either elk or cattle, they were Significantly less diverse 
in their distribution over the Bob Creek Area as a whole, 
than elk or cattle (Table 5.2). Statistical treatment of the 
joint use data revealed the other pattern of diversity: mule 
deer were Significantly more diverse, that is they were 
distributed amongst a constant set of cells more evenly than 
cattle. The diversities of elk and mule deer, and elk and 
cattle on joint uSe areas were not significantly different. 

For the specific attributes altitude, slope and aspect, 
cattle were less diverse, and hence more selective, than 
mule deer and mule deer were more selective than elk. 
(Average diversities of elk, mule deer, and cattle were .84, 
.81, and .76 respectively for these attributes over all data 
sets. Average diversities on the different data sets were 
BOCs. OD.) 6 .LOr LODSELrValLlonscr eyCD, 6/0 OmLOGmLeGcall 
group counts.) 

The slope parameter had the only significant trend: 
cattle tended to be the least diverse, mule deer more 
diverse, and elk the most diverse users of slopes (Tables 
SOAS Medea RA 

Thus,.the distribution of ungulates within the Bob 
CreekpAneawis Primarily a funcuronsor the mumben ole Zoeha 
Spaces (range sites). Cattle have, in general, more range 
Sites available than elk or mule deer, but they utilize them 
bese Uniformly (that is, some “Sites are highly favoured, 


resulting in higher proportional use of these sites). At the 
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Table 5.5 Comparisons of diversity for elk, mule deer and 
Catthel(@Zastatistic ton fecal distributions: 
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Mean ag Sh il .64 


* Diversities are significantly different, P=.05 
** Diversity varies from 0 (nonexistent) to 1 (even 
distribution over the available resource). 
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other extreme, mule deer have the least number of sites 
available, and these are utilized more uniformly. Elk are 
intermediates. In addition, the ungulate ranges in the Bob 
CreekeAned tare not large, icontintious fareas ,offdistribution. 
They are small, sometimes contiguous sets of range sites, 
usually less than 25 ha in size. The more important range 
Sites act aS centres-of-distribution: most animals will be 


observed within or immediately adjacent to these sites. 


5.3.2.2 Overlap and Association 

Ungulate species are segregated in space in the Bob 
Creek Area. Elk, mule deer and cattle each selected 
different range sites and therefore had little spatial 
overlap (Table 5.3). In addition, they were dissociated from 
one another in space (Table 5.4). Thus, each species appears 
to occupy a set of mutually distinct range sites. 

This factor is important for operational management 
planning. Resource improvements are normally targetted at 
only one species. Any associated species should remain 
unaffected or, at best, be enhanced by the improvement. 
Thus, those areas where improvements are planned should be 
important only to the one species for which improvements are 
planned (other Species’ distributions are significantly 
dissociated or negatively correlated) or neither species 
(species' distributions are mutually independent or not 


Signveicantly correlated). 
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High overlap occurred on joint use areas because both 
Species were always present in each 25 ha cell (Table 5.3). 
However, elk and mule deer distributions were mutually 
independent on joint use areas (Table 5.4), implying that 
they Oriented towards different range sites in the Bob Creek 
Area. Similamby, elkRandecathlelhad noestrong€assceiatnen: 
However, mule déer and cattle had a Significant, positive 
association: some 25 ha cells were important to both 
Species. Thus, elk and mule deer, and elk and cattle have 
Spatial divisions in their use of the Bob Creek Area, but 
mule deer and cattle have not. 

Overlap on altitude; slope and aspect is high for all 
Species pairs (Tables 5.3, 5.6). If resources are divided on 
the basis of topography, these coefficients should reflect a 
negative association between species. However, the 
distributions of species are mostly mutually independent or 
Significantly, positively correlated. The only exception 
occurs for elk and mule deer fecal group distributions. 
These are negatively associated on slope: that is, fecal 
group counts for elk are high on those slopes where fecal 
group counts for mule deer are low and vice versa. Thus, 
topographical resources do not appear to be divided except 
in the circumstance where elk and mule deer have opposite 


defecation behaviours on slopes. 
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100 


Overlaps (Ro) and associations (Spearman's Rho) 
of elk, mule deer and cattle in the Bob Creek 
Area (fecal distribution data). 
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Aspect 
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* Significantly correlated, P=.05 
** Overlap varies from 0 (none) to 1 (total). 
Rho varies from -1.00 (completely dissociated) through 
0 (mutually independent) to 1.00 (completely associated). 
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5.3.3 Interactions Within Plant Communities 


Soo Diversity 

Elk were the most selective (least diverse) users of 
habitat) in comparison with cattle or mule deer (Tables! 5.1, 
5.2, 5.5). All species were strongly oriented towards open 
grassland. Mule deer were observed more often in shrub and 
forested range types than either of the other species, hence 


they were the most diverse users of habitat. 


5.3.3.2 Overlap and Association 

The use of plant communities was characterized by high 
overlaps and positive associations between species pairs 
(Tables 5.3, 5.4, 5.6). Range resources are not divided, at 
least at the level of discrimination employed in this study; 
the coefficients for range selection are neither small nor 


negative. 


5.3.4 Dietary Interactions 


5.3.4.1 Diversity 

Cattle diets contained the greatest number of 
components, and mule deer the least but the diversities of 
Ungulate diets were not significantly differents(Table 5.1, 
5.2). What a species lacks in variety it apparently makes up 


for by making a more even selection. 
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5.3.4.2 Overlap and Association 

Overlap between the diets of elk and mule deer and 
between mule deer and cattle (Table 5.3) were expected to be 
low because few materials were selected in common. However, 
the diets were not completely distinct or dissociated (Table 
5.4). The diets of elk and mule deer and of mule deer and 
cattle were mutually independent of one another. The 
division of the forage resource has not apparently reached 
the stage where diets are mutually exclusive, although they 
are segregated to a high degree. 

Dietary resources are undivided for elk and cattle; 


their diets are highly overlapped and positively correlated. 


5.4 Resource Division and Ungulate Interactions 

In the Bob Creek Area, through nearly 100 years of 
trial and error, a situation has evolved that appears to 
Satisfy the requirements of each ungulate. Elk and cattle 
resource use is divided primarily in time, and secondarily 
in space; elk and mule deer resource use is divided 
primarily in space, and secondarily by forage; mule deer and 
cattle resource use is divided primarily by forage. Because 
livestock distribution is easily affected by changes in 
livestock management (eg. herding, fencing, water and salt 
placement), the narrowest division of resources probably 
occurs between elk and cattle. As long as the management of 


the grazing system remains intensive, that is, shifts in use 
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6. SYNTHESIS AND MANAGEMENT 


6.1 Synthesis 

The dynamics of native grazing systems are functionally 
related to the production and consumption of vegetation, to 
the density of herbivores, and to the system's diversity 
(Harrison 1979, Noy-Meir 1975, Noy-Meir 1978). A serious 
disruption to the system will usually result in a succession 
of communities as the system seeeTIg adapts to the 
disturbance (Connell and Slayter 1977). In the process, 
herbivores may compete for the available resources and 
divide them in a manner that ensures the survival or 
extinction of the population (Armstrong and McGehee 1980). 
Management can have a significant impact at any stage in the 
process. 

This investigation examined the relationships that have 
developed between wild and domestic ungulates in the Bob 


Creek Area. 


6.1.1 Evaluation 

Since the late 1800's there have been several major 
disruptions to the native grazing system in the Bob Creek 
Area. The extinction of bison and the reduction of other 
ungulates had probably the most Significant, long-term 
effect. The introduction of cattle and the reintroduction of 


elk, in conjunction with an active program of fire 
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by either domestic or wild ungulates are either approved or 
countered by shifts in management, it should be possible to 
maintain these levels of resource division indefinitely. 

Three measures (diversity, overlap and association) 
provided summary descriptions of the current patterns of 
resource use and resource division. These indices are simply 
measures; they do not explain the reason for the patterns. 
Furthermore, diversity, overlap and association values only 
provide a picture of the state of resource use at one time. 
Thus, they cannot measure the amount of competition or the 
degree of facilitation between species because competitive 
or facilitative interactions affect species’ populations 
through time. Perhaps, if enough time periods were analysed, 
these measures could be used to deduce the amount of 
competition in the system. For the ungulates in the Bob 
Creek Area, this deduction is not possible because there is 
not enough information available. 

Measures of diversity, overlap and association are 
sensitive to changes in population density and resource 
avallabimity. They are thereicore extremely useful as 
monitors of the effect of management on the distribution of 
species. They could prove to be suitable measures in 
multiple use situations or where the management goal is to 
maintain each species by creating, or fostering, distinctive 


PeESoGUrCeeTaLVISIONS. 


7. 
gif , aviv 7 | 30 80k an 
Res o & 
od ,oobsastepev 16 tio ks winianine’s mp: dauborg | 
as 
yatenevid@ m9 HERE sat 63 ban  gerovicred %c oa 
SS mgs & pee 
auatise A taret +teM- you ares Tee Ter a Tr 
: i : Y Weg che : >iva 
netdasoove & Al Slower yi leuved Liew hedees edt of a0 
efi od siqnbs yilaubaxp maseys: sas was re: 
869 3024) —. at .VvTgT isoynt? Ste ‘eapeat eonsd7: Ws 
7 2 Tiutiet 
hain sepa Tal sidetieve d+ yol ‘ecageve yam esi20vid 
f 3) A 
to lav ive att -apauers fart? soon 6 ni mods bh 
, agit te 
sTOGR! gece nha S15 gnes sees A) agiaeiugee adj stad noison 
aa. 
ait of spade ¥ s 78 a insouStagie & even aso snamegs 
‘eved. ‘ea sqiteneigetas ait Bent staxe ye es sii > 
oar 
ind odd at esdedogem siteemob Sas Geiw. cwovsed Eaaodeve hoed 
‘ , ~ a97k 2a 
fir 7 (oo 
| ; i : ste 
Fi if oY a Z : 
; a 
Tor ett lerevea aad svert srotid a* ORE tes wD 
joe72 d58 oda in tee ee oul Sane 9 be | ails @3 
sai ie int pees “eda bas noaid | 
vilik: Tai ia 
winiers: ee cukindan 720m 
te nat sae wsnbee edd bas 214700! sy 
a 


7 pie to. nerves "4 svisos 4 ; ir da, 


tet ' _ ) : oe 


105 


Suppression and predator control was probably the most 
serious. Although fire suppression requirements were relaxed 
in the 1950's (low fuel levels were previously maintained by 
high grazing rates) the vegetation still shows evidence of 
its adaptation to systematic PCat eee 

Mylithesismis that a division (or partitioning of 
resource use has occurred between the ungulates in the Bob 
Creek Area. Resources appear to be divided in a manner that 
could reduce the level of conflict between species; for 
example, if two species eat the same food, they may use 
different areas. Whether these divisions have occurred as a 
result of competitive or facilitative interactions, or 
management could not be deduced. Therefore, management 
programs aimed specifically at reducing competition may 
first require experimental manipulation of the grazing 
System to determine if lack of competition is actually an 


improvement. 


6.2 Grazing System Management 

From the distribution of observations and fecal group 
counts, ungulates in the Bob Creek Area appear to 
concentrate their use around a number of small, mutually 
exclusive, and relatively homogeneous areas. These areas 
contain a particular combination of topography and 
vegetation that meet their temporal requirements under a 


variety of environmental conditions. Resource management 
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will have a large effect on each species firstly by 
maintaining or increasing the number of these key range 
sites, and secondly by improving the value of particular 


Sittesico matheietra neal of inf uence: 


G2 SIE Lk 

Key range sites for elk in the Bob Creek Area do not 
appear to total more than 700 ha. They are small units, 
probably less than 25 ha each, but they may be contiguous. 
They are often snow-free, in open grassland, and adjacent to 
grass/conifer range. Fescues are the preferred forage in 
these areas. 

The most important key range sites for elk are in the 
area east of Spring Creek (Camp Creek) in and around a ridge 
local ly iktiown ras Saitvor Wack: (Section vi~iTwolll eRgexpescw5 
Meridran:svand: NE sl/4>to.fisect von 73557 Ni hye of GH Saliwp is Nie 
Rge. 3, W5). A second set of key range sites is located on 
the eastern flank of the Whaleback Ridge (beginning in NW 
W/ 4heot! 12. gandiiNk: i424 lof i Twp. CiteeiRdewse,, WS and extending 
RCmuuwest along the ridge tous W/2nota22; elwosging Rose, 
W5). A third set of key range sites is located in the hills 
north fom Goyote Wreek f(N I42kome2, givmari0;o Roe em,l Wo; a 
Cesect toe Twos ,f Roesli2, W5)e 

Reductions in elk productivity could be expected if the 
grassland was radically disturbed or if the elk were 
continuously harrassed on these primary sites. Increases in 


elk productivity could be expected if improved forage was 
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provided either on or adjacent to these areas. 

Smaller, more isolated, aa key range sites are 
scattered throughout. One of these is present in the valleys 
at the southern tip of the Whaleback Ridge (NE 1/4 of 22, 
Twp. 10, Rge. 2, W5). Another is between the two hills south 
of, Coyote? Creek, (USWiili/4r ofe'335) Twp. chOjoRge.t@s 5). Others 
are found on the west flank of the Whaleback Ridge (at the 
heads of Coyote and Beaverdam Creeks), on the two small 
ridges north of Beaverdam Creek, on the east flank of the 
ridge between Bob Creek and Spring Creek, and on the ridge 
east of Miles Coulee in the Spring Creek drainage. These 
Sites appear to be less important; usually no more than 3 
observations of small elk bands were made in the vicinity of 
these sites. 

Slight increases in elk productivity could be expected 
if the forage production on or near these secondary sites 
was increased. Disturbance to these sites may inconvenience 
a £LewRanima l'seobutemibiishould-mot ieignm ficanticce eihiecitt their 


overall production in) the Bob*Creek) Area. 


622. 2eMule Deer 

Key range sites for mule deer appear to be smaller and 
fewer than those for elk. As snow depth increases, mule deer 
tend to band in large groups on these sites. The sites are 
often snow-free grass/conifer ranges of mixed limber pine 
and Douglas fir communities. The principal forage is Douglas 


fir and other browse species which may be in the vicinity. 
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Key range sites for mule deer do not appear to exceed 600 ha 
in total area and most of the sites are contiguous. 

The most important set of key range sites for mule deer 
are on the ridges and slopes at the southern tip of the 
WhalebackeRidgqe: “OV §U42 yof tsecit#ion 22; and SW 1/4°0f "2%, Twp. 
10, Rge. 2, W5). Another set of key range sites are located 
in the hills south of Coyote Creek (SW 1/4 of 33, Twp. 10, 
Rge. 2, W5) and east of Bob Creek (N 1/2 of 31, Twp. 10, 
Rge. 2, W5). And several sites exist in the area around 
Sailor Jack, the ridge east of Spring Creek (NW 1/4 of 36, 
TupuridheRge. bS9 tWSeandeSwily4) chibi friwos (hi A/moak FP ws) : 

The relatively low number of sites used by wintering 
mule deer may, in part, explain the lower population levels 
of this species. Any reductions in available browse or 
harassment of mule deer on these sites could be expected to 
have severe consequences for the mule deer population in the 
Bob Creek Area. 

Browse improvement programs would be effective if they 
either improved Douglas fir, or substantially increased the 
quality and availability of other browse ae or adjacent 


to the key range sites. 


Ghz). SieCattle 

Key range sites for cattle appear to be comparable to 
elk in total area, about 700 ha. Cattle tend to aggregate on 
these sites in large numbers despite good management efforts 


to distribute them. (53% of the 9,005 head observed during 
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the study were located on these sites). These key range 
Sites are usually on relatively flat land, near the larger 
water sources. The adjacent forest cover is mostly aspen and 
in some areas it is invading the sites. On native range, 
fescues are the primary forage. 

The most important key range sites for cattle are those 
tame pasture lands east of the A7 ranch house (W 1/2 of 
section 5, Twp. 11; Rge. 2, W5) and on a bench east of Bob 
Creek, 3 km north of the ranch headquarters (E 1/2 of 18, 
Twp. 11, Rge. 2, W5). Further north, several large sites 
occur Gnmthe bottoms landtadongeBobeCreekedE 1/2 of 19; W 1/72 
of) 32Matiwotminls Ree.gerewW5e ahd) Seur2rofes ,eoTwosed2earce. 2, 
15) Lwin the Spring Creek area, the key range sites are also 
on bench lands or lowland, one adjacent to a campsite 
maintained by the province (NE 1/4 of 2, Twp. 11, Rge. 3, 
W5), one on the benches east of Miles Coulee where a dam has 
been constructed! (SEi n/4enfi 23 ,eTwpemduft Roe. tspewhdsaand 
one on the open land east of Spring Creek (E 1/2 of 24, Twp. 
11;9Rge. 93, W5).-Severalokey range’ sites werevalsowpresent 
on Beaverdam Creek (SW 1/4 of 16 and SE 1/4 of 17, Twp. 11, 
Rge. 2, W5). A few head ranged the grassland in Eagle Coulee 
(Se4/290f0 28, Twp.°10;,) Rge.r2,eW5)eandhcowssandecalves from 
the Waldron Grazing Co-operative used the drainage in the 
Whaleback Ridges (EB) 4/2oo0fe 274i Twpind®, Rgesb2y W5) 

Several areas would benefit through contouring or 
reseeding. Erosion is significant on several Sites; in some 


cases the operators are hard-pressed just to maintain 
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culverts. Reseeding to tame forage could be beneficial on 
Beaverdam Creek (W 1/2 of 16, Twp. 11, Rge. 2, W5) and on 
BODS@Kcehan ie) /2e0te2 ore Twp. 4d eRoqe.2, WS *eShei74 scoters. 
Twp. 12, Rge. 2, W5). More intensive grazing on tame forage 
in these areas may also require fencing to protect the 


stream banks, eSpecially on Bob Creek. 


6.2.4 Range Management 

Range management should be geared towards the creation 
of more key range sites, and a greater proportion of the 
major forage species in the Bob Creek Area. 

Management to increase the proportion of fescues in 
native grassland would require reductions in the stocking 
rates of both elk and cattle. However, large reductions in 
the grazing rate may be required to produce only a moderate 
effect on grassland dynamics. 

Alternatively, increasing the amount of tame forage, 
and reducing cattle stocking rates on native grasslands in 
proportion to the additional tame forage produced would be 
both flexible and progressive. Under this strategy, a large 
improvement in fescue productivity could be harvested by 
increasing cattle stocking rates for short periods. 

Brush control will be required if present stocking 
rates for cattle are to be maintained. Shrubby cinquefoil, 
Snowberry and aspen are invading large areas west of the 
Whaleback Ridge from Beaverdam Creek north. Although burning 


has been attempted it will be effective only if practised on 
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a continuing basis. (Spraying and burning would be more 
effective, but may not be approved because of the streams in 
Dhesyvi cinit y\)) 

Livestock reductions, if considered, would be 
experimental. They would have a useful purpose primarily to 
determinevaf the grazing’ systemsis* facilitative’ (total 
productivity of each ungulate is greater as a result of 
joint use), or if the ungulates were influenced by 
competition. To be effective, reductions should be greater 
than 25% of the current stocking rate, and should be 
effective for at least 5 years. They would be most logically 
applied to the centre distribution unit in the Bob Creek 
allotment, given the current fencing arrangements, 


productivity and use in this area. 


6.3 Management of Overlap and Association 

The management requirements for mule deer in the Bob 
Creek Area are somewhat different than those for elk or 
cattle. The mule deer population has the potential for being 
the least adaptable because the species concentrates on 
Douglas fir for winter forage from a very limited amount of 
available range. Management of the mule deer population at 
Highwer low densities will probably have little effect on 
the other ungulates; their respective niche overlaps and 


association should not change substantially. 
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The management requirements for elk and cattle are 
Similar. They would both benefit from an increase in the key 
forage base if improvements are aimed at increasing the 
amount of tame forage and fescue available and the numbers 
of mutually exclusive range sites. Caution is necessary 
however, because increases in range sites or enhancement of 
existing ones may increase the amount of overlap. For 
example, improvements in the forage base for cattle should 
not initially be planned on key range sites for elk; 
compensatory management may be necessary if elk take too 
much advantage of improved range for cattle. 

Concern over the amount of dietary overlap between elk 
and cattle is currently ameliorated by the lack of overlap 
in their spatial use of the range. A more intensive 
Management system would increase the value of the range and 
possibly the overlap in range use between elk and cattle. 
This may be beneficial if it results in increased 
phoductivity;obut itawillyrequine money; “skill and 


forethought to implement. 
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APPENDIX A 


Range Analysis, Use and Condition 


v2 


A.i Range Analysis 

Comparatively, on the 63 vegetation plots examined 
(Tabestae1), 21,600 microplots were placed in the herbaceous 
layer; 480 point-to-shrub distances were measured in the 
shrub layer; and 500 grid points were counted in the forest 
layer. Collections were made of 158 of 190 species (117 
genera) identified in the area during the course of the 
study. Summaries of the data in each range type described in 


Chapter 3 are listed in Tables A.2 to A.7. 


A.2 Herbage Disappearance 

Grassland herbage disappearance averaged 55.5%, ranging 
from 16.4% to 84.3% (Table A.8). Disappearance was least 
from the timber oatgrass phase and most from the western 
wheatgrass phase. The heaviest diSappearance was associated 
with the Whaleback Ridge and least with southern third of 
Bob Creek. Herbage losses in the middle third of Bob Creek 


had the greatest variation. 


A.3 Effects of Use 

On each of the 266 plots examined for fecal groups, 
trampling damage and soil movement was recorded. (A 
subjective scale of none, common, widespread, and severe was 
used to rate these parameters.) Trampling damage was 
considered widespread to severe on 18.5% of all the plots. 


When trampling damage was associated with evidence (dung, 
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Table A.1 Distribution of vegetation plots 
in the Bob Creek Area. 


Resource Total 
Parameter " Plots 
Altitude 
13002120 0em i 
1400-1500 m 28 
1500=1600em 19 
>1600 m 5 
Slope 
Gentle (00-10%) 28 
Moderate (11-25%) 15 
Steep (>25%) 20 
Aspect 
N 9 
NW 4 
NE S 
W 7 
E 5 
SW 4 
SE iy 
S 9 
No aspect 15 
Range Type 
Grassland 2 
Low shrub 10 
Mixedmaecid: for. i 
Deudvashilireton. ch 
Grass/Conifer 5 


Mixed forest I) 
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Table A.2 Species frequency and standing crops in 
sedge lowland and tame pasture range types 
in the Bob Creek Area. 


Species 


Grasses/Sedge 
Smooth brome 
Kentucky biuegrass 
Western wheatgrass 
Timothy 
Tufted hairgrass 
Sedge 
Other grasses 
Forbs 
Other Forbs 
Shrubs 
Other shrubs 


Average Standing 
Crop (kg/ha) 


Plant Frequency #* 


Sedge Lowland Tame Pasture 
(Ay) (1) 


28 
26 
os 
3 
13 
36 
2 2 
) 
1 
se Shen 


pivernequency=total hits/M00 microplors 
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Table A.3 Species frequency and standing crops 
in 3 fescue grassland phases in the 
Bob Creek Area. 


Species Plant Frequency * 


Parry Western Timber 
Oatgrass Wheatgrass Oatgrass 
Phase Phase Phase 
on) (6) (2) 


Grasses/Sedge 
Richardson 
needle grass 4 
Western wheatgrass 
Sandberg bluegrass 4 
Timber oatgrass 7 
June grass 2 6 
Northern wheatgrass | 4 
Western porcupine 
grass 1 
Pevirymoat grass 14 
Idaho fescue 4 
Rough fescue 6 
8 
2 


— 


Sedge 
Other grasses 
Forbs 
Pasture sage Z 
Oldman's whiskers 1 
1 
] 


NO OWnAIN — 
NmBwn4wn~—- 


Lupine 
PUSSY TOES 
Moss campion 
Showy locoweed | 
Northern bedstraw 1 
Yarrow | 
Other Forbs 1 
Shrubs 
Saskatoon 
Shrubby cinquefoil 1 
Creeping juniper 
Bearberry 
Rose 
Other shrubs 


Ov — NN 
a 


ar oy 
ee 


Average Standing 
Crop (kg/ha) 2393 1057 FD 


* % Frequency=total hits/100 microplots 
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Table A.4 Species frequency and standing crops in 2 
fescue grassland disclimax range types 
in the Bob Creek Area. 


Species Plant Frequency * 


Pawicy Western 
Oatgrass Wheatgrass 
Disclimax Disclimax 


(ay) a) 


Grasses/Sedge 
Rough fescue 1 
Richardson 
needle grass 1 
Sandberg bluegrass ie 
Timothy 
Kentucky bluegrass 
Pat bys Oargrass 
Idaho fescue 
JUunew grass 
Northern wheatgrass 
Western wheatgrass 
Sedge | 
Other grasses 
Forbs 
Fleabane 
Oldman's whiskers 
Moss campion 
Dandelion 
Showy locoweed 
Red clover 
Northern bedstraw 4 
Pussyeoes é 
2 
| 


wa aan~ 
OSS a = WH 


NON eS 


Yarrow 

Other Forbs | 
Shrubs 

Creeping juniper 8 

Bearberry 1 

Other shrubs | | 


W~IOW—DND OD 


Average Standing 
Cropm kay ha) 666 425 


* % Frequency=total hits/100 microplots 
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Table A.5 Average species density, frequency, and 
height in low shrub range types in the 
Bob Creek Area. 


Species (n) Density Frequency Height 
(plants/ha) Ve) (m) 
Willow sub-type (7) 8 
Willow 143 49 
Bane h OS Za 
Shrubby cinquefoil oS 30 
Rose sub-type ei) ne 
Rose ipsid 55 
Silverberry 134 Sa 
Chokecherry 25 7 


Gooseberry 3 1 


Table A.6 Average species basal area, plant density, 
and crown density in forested range types 
in the Bob Creek Area. 


Species (n) Basal area Density Crown 
(plants/ha) Density 


Mature Regen (%) 

Mixed deciduous forest(10) (as 
Aspen poplar a0 Zio 1300 
White spruce tx*x 5 0 
Balsam poplar ie 25 0 

Douglas: fir forest (5) 75 
Douglas fir 52 1960 500 
White spruce 1 30 80 
Limber pine i 0 0 
Lodgepole pine ic 2 0 

Grassland/Conifer(5) ae 
Limber pine 3 860 120 
Douglas fir 3 60 25 

Mixed Forest(5) 88 
Lodgepole pine oi) 3020 130 
White spruce 7 510 600 
Douglas fir 3 210 20 
Aspen poplar 1 0 TEU 


* meters squared/ha at breast height 


** t=less than .5meters squared/ha 
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Table A.7 Species frequency in mixed deciduous 
forest, Douglas fir, and mixed forest 
understories in the Bob Creek Area. 


Species Plant Frequency * 


Mixed Douglas Mixed 
Deciduous Fir Forest Forest 
Forest 


(3) (2) (1) 


Grasses/Sedge 
Rough fescue 1 
Hairy wild ryegrass 1 
Bluejoint reed grass 1 
Bearded wheatgrass 1 
Sedge 7 
Other grasses Z 
Forbs 
Strawberry 4 
Northern bedstraw 1 
Yarrow 1 
Other Forbs 5 
Shrubs 
Bud talosaberry Ss 
Saskatoon S 
Creeping juniper 3 
Bearberry 
Other shrubs 1 1 1 


* % Frequency=total hits/i00 microplots 
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Table A.8 Herbage disappearance from grasslands and 
specific locales within the Bob Creek Area. 


LL 


Range Herbage Disappearance 
(%) 
Range 
Mean Minimum Maximum 


Sedge lowlands --- ee ia 
Tame pasture 54°,5 --- waft 


Fescue grasslands 


Parry oatgrass phase Sbi | 16.4 84.3 
Timber oatgrass phase 29/ {$848 40.7 
Western wheatgrass phase 64.3 44,7 8206 
Parry oatgrass disclimax 6ony/ ae pie 


Western wheatgrass 


disclimax 54.4 SUR 58.4 

Locale 
Lower Spring Creek 5465 18.8 Z6%3 
Bob Creek, South £180 27.4 54.5 
Bob Creek, Middle Steed 16.4 B2%8 
Bob Creek, North SOAS See rarer 


Whaleback Ridge 62ru Doe 84.3 
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tracks,» beds) that cattle had used the area, 24% showed 
widespread to severe damage. Correspondingly, when elk or 
mule deer were associated with the plot, widespread to 
severe damage was present in 14.5% and 10.8%, respectively. 

The effect of past use may be associated with the 
amount of pedistalling of plants and soil movement. Common 
to widespread degrees of pedistalling were present in 7% of 
all plots. Common to severe degrees of soil movement were 
present in 7% of all plots. When associated with a specific 
ungulate, pedistalling was common to widespread in 7% of the 
cases involving cattle, 8% of the cases involving mule deer, 
and 11% of the cases involving elk. Soil movement was common 
to severe in 6% of the cases associated with use by cattle, 
5% of the cases with mule deer, and 7% of the cases with 
elk. 

There is some indication that the activities of cattle 
are more damaging to the plants than those of mule deer, or 
elk. However, the net effect is less damaging to the soil 
resource, possibly because the damage occurs on sites with a 
lower potential of erodability and a greater potential for 
recovery. 

The amount of damage to the soil could not be 
considered serious. Some areas do receive severe use by 
cattle, notably the banks along Bob Creek, in the middle to 
northern third of the allotment, where some stream siltation 
was noted. However, these problems are localized, and 


management should be able to correct them. 
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A.4 Range Condition 

Johnston (1961) and Johnston et aj. (1971) reported 
that the average basal aréa of Parry oatgrass exceeded the 
averages of all other grasses under any grazing treatment. 
However, the proportion of Idaho fescue never exceeded that 
of rough fescue except on the very heavily grazed treatment. 
Mueggler and Stewart (1981) described the effect of grazing 
as a change from rough fescue-dominated under light grazing 
to Idaho fescue-dominated under heavy grazing. The data on 
basal area composition for the Bob Creek Area appear to 
exhibit the characteristics of heavy grazing in that Idaho 
fescue is dominant (Chapter 3.3.1), and the average standing 
crop iS indicative of the dry matter yield under moderate to 
heavy use (Johnston 1962). 

Mitchell and Cormack (1960) felt that rough fescue had 
decreased in the Bob Creek Area and that grasses had a 
reduced cover because of overgrazing. My conversations with 
ranchers in the area indicate that the grassland may have 
had a higher proportion of rough fescue ('prairie wool') 
prior totbhesd.9s 0s iuhane atepsnesent MeSomenoverauserwas 
encouraged before the 1950's in order to reduce fire 
hazards. However, from 1947 to 1974, grazing in the 
Crowsnest Forest Reserve fell from 55,724 AUM's to 43,375 
AUM's. Utilization in the Bob Creek and Lower Spring Creek 
allotments declined by about 1000 AUM's from +1950 (Chap. 2). 

Mitchell and Cormack (1960) regarded little club moss 


as an indicator of poor range condition. Moss and Campbell 
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(1947) rated little club moss as an 'occasional' species on 
dry and denuded sites, changing to 'frequent' with grazing. 
In my investigation a significant inverse relationship 
exists between the amount of little club moss and the amount 
of litter (coefficient of determination, r=-.81: P=.05). In 
other words, as litter decreases, little club moss 
increases. The amount of litter is a function of vegetation 
productivity and disappearance (Dyksterhuis and Schmutz 
LO47 jeoeThus, Litter, little @lub moss (and Waddittonam) vabare 
soil cannot be considered exclusive indicators of range 
condition, although they may indicate a trend in vegetative 
eee er: 

The grassland in the Bob Creek Area appears to exhibit 
most of the characteristics of heavy grazing. The range is 
in predominantly fair condition (a composition rating based 
on the distance from climax vegetation as described by 
Smoliak et al]. 1976). Good condition range may be found in 
the southern third of Bob Creek associated with deeded land 
holdings. The trend in range condition appears to have 
stabilized because there appear to have been no dramatic 
improvements since Mitchell and Cormack's (1960) 


investigations over 20 years ago. 
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APPENDIX B 


Distribution of Ungulate Observations 
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B.1 Sample Distribution 

Over the course of the study, 804 observation reports 
were made of 17,158 animals, and 3,111 fecal groups were 
counted on 208 field plots. Elk were observed 255 times, 
totalling 6,904 animals; 1,268 elk fecal groups were counted 
on 72 plots. Mule deer were observed 188 times, totalling 
1,249 animals; 329 deer fecal groups were counted on 53 
plots. Cattle were observed 361 times, totalling 9,005 
animals; 1,514 fecal groups were counted on 83 plots. In 
addition, 36 composite samples of 1,800 fecal groups were 
collected for an analysis of diets (18 samples of elk feces, 
6 of mule deer feces, and 12 of cattle feces). 

Most observations (83.7%) were made within or beside a 
Stationary vehicle. The animals were usually (65%) 250 m or 
further from the observer and generally (79.3%) showed no 
behavioural change associated with the observers presence. 

Animal observations were made on 56% (262 cells) of the 
study area. These were evenly divided between the east and 
west (48.9% west) but slightly favoured the southern and 
cemeral portions (58.4% soutiig 65.8% within 4.3 Km of the 
study area's centre). 

The distribution of observation reports and field plots 
is shown in Table B.1. Animals were observed in all seasons, 
usually at dawn and mid-morning, between 1400 m and 1500 m 
altitude, on gentle south facing, open grassland slopes. 
Fecal group plots were somewhat more evenly distributed in 


comparison to animal observations. 
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Table B.1 Animal range use sample distribution. 


REscurce Animal Fecal Group 
Parameter Observations Plots 
Season 
Spring 158 awe 
Summer 226 aah 
Fall 208 --- 
Winter ZO? --- 
Time-of-Day 
Dawn 198 --- 
Midmorning 2135 eas 
Noon 138 ee 
Afternoon 136 ==- 
Dusk 102 oat 
Missing Data 15 eo 
Altitude 
1300-1400 m 202 9 
1400-1500 Mm 339 72 
1500-1600 m 224 97 
Pai 600 sim oe) 23 
Missing Data 0 7 
Slope 
Gentle (0-10%) 494 105 
Moderate (11-25%) 231 61 
Steep (>25%) 79 42 
ASDECT 
N B) 13 
NW 16 5 
NE 7 had: 
W 90 20 
E 70 t3 
SW 56 26 
SE eer) 38 
S PLAN: 60 
No aspect 118 We) 
Range Type 
Beeestand 601 137 
Low shrub 64 3 
Mixed decid. for. 4 23 
Douglas fir fon. 6 18 
Grass/Conifer 89 20 


Mixed forest S 7 
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Table B.2 Temporal distribution of observations and 
total animals sighted in the Bob Creek Area. 


Elk Mule Deer Cattle 
Dies eteys! Moan) Total 
Obs. Head Obs. Head Obs. Head 
Season 
Spring g2 731 49 262 iz 457 
Summer 2 39 oF) 47 Zio 5504 
Fall 17 400 63 244 128 3020 
Winter 144 5734 55 699 3 24 
Time-of-day 
Dawn 41 1863 63 380 94 1844 
Midmorning 71 2176 47 303 S)5) 1556 
Noon Zl 657 taf 68 100 3063 
Afternoon 60 1068 25 Zoe 49 oS 
Dusk ey 766 28 i125 23 622 
Deleted* ia 374 4 11 0 0 
Total 255 6904 188 1249 Shey 9005 
* Missing data. Percentages and averages are calculated 


from the remaining data set. 
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Table B.3 Observed activity of elk; mule deer 
and cattle. 


Activity Observations 
(%) 
Elk Mule Deer Cattle 
Foraging Gono 54.3 69°.0 
Travelling 9.4 TOR 5. 
Bedded/Ruminating id 4,3 Bere 
Disturbed (35 elie 319 


Other la os) 0.0 
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Table B.4 Topographical distribution of elk on the 
Bob Creek Area. 


Resource Observations Fecal Group 
Parameter Counts 
(%) (%) 
Altitude 
1300-1400 m GixZ 1.0 
1400-1500 m i ch | 24.9 
1500 — 1600) ‘m 48.2 yet BS} 
>1600 m 1 O82 ZAG 
Slope 
Gentle (0-10%) 49.4 1977.5 
Moderate (11-25%) 39.6 52.9 
Steep (>25%) 118.:0 227.6 
Aspect 
N 12 4.9 
NW AG ess 
NE 4 7.4 
W 1Gh.G 1964 
E 1HQ0 hal 
SW 2G. Tae 
SE 20.4 GES 
S PATE ENS 27.8 
No aspect 4 ay 4,8 
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Table PBS5 TTopogrmaphicaleédistributrongefemule edeer on 
the Bob Creek Area. 


Resource Observations Fecal Group 
Parameter , Counts 
(%) (%) 
Altitude 
1300-1400 m DG oe Bi 
1400-1500 m eine) 36/86 
$5005 L600em 2601 5387 
>1600 m Sey O59) 
Slope 
Gentle (0-10%) s eke (0 47.1 
Moderate (11-25%) 26 46 i334 
Steep (>25%) 14.4 39.85 
Aspect 
N HPs 3 O57 
NW Le6 4.3 
NE 136 4.6 
W a © Pas. 
E $0 91 Tak 
SW ia oe 
SE $3 33 eth 4] 
S B33 45 46.2 
No aspect 226 ee 
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Table B.6 Topographical distribution sof «cattle on 
the Bob Creek Area. 


Resource Observations Fecal Group 
Parameters Counts 
(%) (%) 
Altitude 
1300-1400 m a 9.,0 oy 
1400-1500 m Saag Signs 
1500=—1 60.0: ‘m 14.4 3 7aG 
>1600 m aa fo) Rte 
Slope 
Gentle (0-10%) iat (aS) 5 7 
Moderate (11-25%) 222 215 
Steep (>25%) 6.6 9.8 
Aspect 
N OF.,0 5 
NW pS Al 
NE ams: 10). G 
W Tone 5.3 
E 6.4 Sul 
SW u5%.,.2 14.9 
SE 14,4 Gao 
S 222 Jha 
No aspect 25032 169 
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Table 8.7 Distribution of elk@in@relationito 
vegetation on the Bob Creek Area. 


Resource Observations Fecal Group 
Parameters Counts 


(%) (% ) 


Range Type 
Grassland 79 
Low shrub 2 
Mimecdudecivd. for. | 
Douglas far for. shes 
Grass/Conifer 15 
Mixed Forest 0 


Adjacent Range Type 


Grassland 16.9 eas «| 
Low shrub 102 Bae 
Maxed wdecid. for. 2950 14...0 
Douglas far fer. FER ANG) 190 
Grass/Conifer 12.9 e0Le 
Mixed Forest Sie 30.4 
Distance to trees 
G=25 im 49.4 6.6 
25-100) m 44,3 41.4 
100-250 m 6.3 bon. 
250-500 m 0.0 4 
>500 m 0.0 0.0 
Distance to shrubs 
0-2 Som Si ied mh 
25-100 m 40.0 parol 
NCO 250 am ee som 
>250 m Bese tei 
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TaplemBeaw DisStuibutvon OL mule ceerrin relation to 
vegetation on the Bob Creek Area. 


Resource Observations Fecal Group 
Parameters : Counts 
(%) (%) 
Range Type 
Grassland 56. 4 Gon 
Low shrub 15.4 3 
Mixed decid. for. 5a 5 rigs 
Houglasefirc, Lore. IES 1030 
Grass/Conifer 1706 14.3 
Mixed Forest re) -6 


Adjacent Range Type 


Grassland 31.4 ehee 
Low shrub es ae. ‘3 
Mixed decid. for. 2a 2.4 
Douglasefir, for at 2 1985 
Grass/Conifer ine 57ee 
Mixed Forest b$3 1966 
Distance to trees 
Os 25am 48.9 20.4 
25-10 08m 3275 3823 
100-250 m 1233 41.3 
250-500 m ay 3 020 
>500 m OF 0 080 
Distance to shrubs 
075mm 7455 Pes 
25=4 0 0am 2S agate 
100-250: m 2h] sien 
SPO) tae 126 Pas 
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Vable B29 Distribution obfPeattle &@n relation to 
vegetation on the Bob Creek Area. 


Resource Observations Fecal Group 
Parameters Counts 
(%) Cx) 
Range type 
Grassland 80.9 39 36 
Low shrub 8.0 23 
Mixed decid. for 5 Stra, 
Douglas Sir for, 0.0 3 
Grass/Conifer Oy 2.0 
Mixed forest 6 5 
Adjacent Range type 
Grassland howe es, 
Low shrub PAG) aS) Pon 
Mixed decid. for. 41.8 ois 2) 
Douglasatir for. Ze 18.4 
Grass/Conifer OY): 36.4 
Mixed forest 4.4 EAS 
Distance to trees 
02.57? m 29.4 9.9 
25-—1100°> m a 35 Sit eng 6) 
LO0=2 50) m Aieirees Sete) 
250-500 >m Tels: Scar 
>500.m Teo OF0 
Distance to shrubs 
O25 aait 52.4 ——— 
2510 Os mM 38.8 ne 
LO0=2,5 00m eee a ae 
250-500 m aw can Fs 
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APPENDIX C 


Animal Response 


: senogesit {am mA rv 


Travel 


Table C.1 
topographic factors. 
Resource 
Parameter 
Foraging 

Season 

Winter ical 
Spring oS 
Summer -60.46 
Fall —-34 95 
Time-of-day 

Dawn 16.52 
Mid-morning — Og 
Noon 2 ea 
Afternoon odo RS 
Dusk 12.44 
Altitude 

1300-1400 m 13.02 
1400-1500 m Tess 
1500-1600 m = se liesipe | 
>1600 m Sieye (fe 
Slope 

Gentle =i Gal 
Moderate 10236 
Steep 10-235 
Aspect 

N 5.64 
NW t2 233 
NE = 6.0m 
WwW —Tea0 
E Ge ia 
SW arts. || 
SE +4°,.69 
S 2 «Ont 
No aspect i. 3 


* MNA coefficient of response. 


sums to 0 on a horizontal axis. 


Bedded 


rar aloe 


Elk activity in response to temporal and 


Other 
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Activity Response Coefficient 


Disturb 


Each set of coefficients 


Each coefficient may be 


interpreted as a likelihood of occurence of an AGEL VIL. 


rinaiottiees seneqeat % 


dsuzeta Tanz 
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Table C.2 Mule deer activity in response to temporal and 
topographic factors. 


Resource Activity Response Coefficient 
Parameter 


Foraging Travel Bedded Other Disturb 


Season 
Winter Hl ets! <6 = wet) =0.62 in oo 
Spring oS 12.95 29 ae 4 ="6,.0i2 
Summer meen VAs 9.80 silo | 8) 4,28 Bb 
Fall -4,94 -3.43 3.410 =0.oa 5G 
Time-of-Day 
Dawn 5.6 4,42 Te eOn) 70.34 -5. 76 
Mid-morning Ses She, —0. 4a 204% 1.99 1.03 
Noon =20i3 5 Bah 13.89 ee ie 3.80 
Afternoon —6.40 = Ge Oe —3,45 —07..08 19.258 
Dusk hy ns) BO SU = (a =0.34 “Sine 8 
Altitude 
1300-1400 m ae & TEP =O 22 =O ..316 1230 
1400-1500 m a eeal) -4,20 cH hy 64 = Baya 
1500-1600 m 10S wail oh OED =) Stee > 2 
>1600 m a20150 2p 2 2S =0,.00 1.08 
Slope 
Gentle el wie) 1.47 74 Oil 1.66 
Moderate 203 20.00 1.34 1),.06 = 0:08 
Steep 14.09 “4.76 =05, 58 2. 00 -6.74 
ASPECT 
N Sipe 33.04 =O .47 40 32.05 
NW Sa SATA fn oo = OW Oe —4{4 34 
NE .08 20 ge =o, 00 ~42 — 14°, 90 
W 2.60 I 8.51 -0.40 Uh Paes} = 
E any 1G. 8.40 wey As) =O..20 macy ike 
SW 3) shen!) 85 —),.U6 oa 2 =5, 45 
SE me Paiegiel, 4.16 = a9 oS) 6.05 
S 11554 20 2.34 ag Fe ae ee A"4 
No aspect VAS a Se 1.80 -0.04 Sarid, 24.88 


Lae ee ee A I TY TO T_T SES aaa 

* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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Table C.3 Cattle activity in response to temporal and 
topographic factors. 


Resource Activity Response Coefficient 
Parameter 


Foraging Travel Bedded Disturb 


Season 

Spring 51.00 BO = fins, AUSks = Bevel 
Summer = Oreo, -0.48 2435 my Si8 
Fall sa Ie 8, ES 62 2.00 
Winter 28.84 -4,84 a2 oe =3548 
Time-of-day 

Dawn 13%. ON Seen pe = 10524 een) 
Mid-morning 2502 a a0 7. a On 
Noon Siete) | 3.64 AAS P50 
Afternoon = ORS ae" M6, 27 4.77 
Dusk Peeve V's Sale| =22106 27 ,.0len 
Altitude 

1300-1400 m G08 PALE NS, ME eis SoA > ey 
1400-1500 m ~2t.94 =O, 2.41 16.17 
MS00521.60:07m - Sie 2h ake 8),.9M ine? 
>1600 m oalind|: = &) =55, lee Leask: Sa, 
Slope 

Gentle . mel pole sare 5100 (os 
Moderate t6RGH St.On = FoucG = eel 
Steep 135599 4.91 = tons =n 
Aspect 

NE 3 tl 26.43 =— 2 bio —4 2Y 
NW —Crallt —47,.38 12.74 = tee 
E = 240m 4.93 POR 6.24 
W mis iiene 34 Oe] 9.86 BIS ES 
SE 8.24 pil tow) = obs mits 
SW 1a} 23:6 -4.00 op Up eA 4 ein 09 
Ss 4.70. 47 =t7 220 2.04 
No aspect ethic 288) Se li ental) ao 


* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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A0 s ca,t~ ae.0-. eT. i te Pee | 
Sick-  S8.08- -Raee- saves ay 


a.,.o- bs. 0'- @tat= re.er 
ta.0- TO.4 ft.a- aida 
. att «=o SR 
.y. . fi \ ar fi rg, ey he er 
Pte a0.95-  #e,h- at. ae 


Maps ce'e-  @Evs ai. . m Pers = 
ee) ee a oy fm eas ana 
Be 2.6  .t- t¢.a- m O0ab-O008r 
bp 89.82; si yt- Tia ht- m OO03b< 
x 7 ii “7 

i 90.8 oF. 9@ 8° 

aT ke gs,0%- iH.¢ <8 al 

PO S- a@.et- , 72.3 eo 

1 i! ; 


: be : F 
.b- @0.88> 6508 1c. | in 
as.5- re pt i on a 
bt 8 O4.. OF ae CS ECTS- 
ut . I~ AB Ve. Beate 
e0.t- 
0,5 
(2 .0- 
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Table C.4 Elk activity in response to vegetation. 


Resource Activity Response Coefficient* 
Parameter 


Foraging Travel Bedded Other Disturb 


Range type 


Grassland at Lo ORs I - Oat $53 PRM SIS) 
Low shrub 6.44 1.043 B..02a) =A, ae — Hie wee 
Mixed deciduous 

forest =... U2 Cueul 18.84 —6,.1313 1 1.0) 
Douglas fir 

forest waa sn V2!) 50.47 1.49 =6,190 —i Sues 
Grass/Conifer 2:5, 14 =O. 400 = Os1Gal 0,492 -eeo 


Mixed Forest 


Adjacent Range Type 


Grassland —B4., 23 6.72 12.6807 4.40 ih OPS 
Low shrub T9,49'2 romse layne | Sait ils “7 tO 
Mixed deciduous 
forest Hic Bal Pater: -2.44 yD -4,68 
Douglas fir 
forest moe OFS mea 8) 7) =D) ton =i) alto 6.32 
Grass/Conifer 5.48 1.48 sf MS) 98 hs fet st 
Mixed forest 16...98 =e =—5,.48 =e, Oe = wie 
Distance to trees 
o—25 in ate. S04 11.3) .99 le 26 0.89 
25-100 im 1.84 1,06 Ail Ore = Ane - Nee 
hOC—250: tm ety he Jone L158 sll) Rise 5.0 6 
Distance to shrubs 
OA25F m RZ el 5 ee 2.00 AO) OAS) Oo 
20 a ORT Pais) = Oa “2.00 245 14 
LOO-Z250 tm 7 Zar -1.94 iE Opgor ks U oie 2S 


* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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Table C.5 Mule deer activity in response to vegetation. 


Resource Activity Response Coefficient 
Parameter 


Foraging Travel Bedded Other Disturb 


Range type 
Grassland 1 00 = 11.60) 1 eS Ze hg OS 
Low shrub Oe Si/, alk riots: = Ghen2io 59 1456 
Mixed deciduous 
forest 12 Orme DELS: = 100.8 7 24..016 34.68 
Douglas fir 
forest Say hes OAL G2 uz 24.24 2203 —Nipteeo 
Grass/Coniferx -5.80 89 5.24 4.68 = OZ 
Mixed forest —J2044 SL AS) aaah S) AAO)S. Shes 85.90 
Adjacent Range type 
Grassland A Baits) a pen I 6.43 Sey LIS, —9 54 
Low shrub it 116..05 2acid fee}: Papi ele: 
Mixed deciduous 
forest i) Say Mis. =r ee cat (Neve. B16 19.07 
Douglas! fis 
forest lees, Bel eee: Ow 4.26 Shao 
Grass/Conifer ee eeea 4.45 ce Ba2G mie pe </ 
Mixed forest =i 22 94 a2 1.040 hast 
Distance to trees 
C=25) m 5.34 = foe 2.447 =O nw 4.58 
25-100) m = Re reneS =O 41 = 9. 16 
ROG=2S5iq) m mis ot 50 lS 98 nov 
250-500) m 3.84 — {Sena =e AIG b..75 1B238 
Distance to shrubs 
O=2 em 1.68 or! =O 14 sone) eat He a 
—-1O0Fm oii! SHS) lela iene) oe = (ical 10.78 
100250 am Zea 1826 = fella m0 ete: 4187 os Si 
250-500 m = Pulse 2 Brey WO 6.44 = aod =A" tae 


ee —— 

* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 


a oF 


& : en 
ue Ps: WB. 
oa! 12 i ¢2..8* 
gs ,t- Tl .a) 
Te Bout 
at oA st Pt 
au.e aE LT ' 
On.t as. ef.€F 
at.t rey cs .a> 
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Table C.6 Cattle activity in response to vegetation. 


Resource Activity Response Coefficient 
Parameter 


Foraging Travel Bedded Disturb 


Range type 


Grassland 1.08 160 ed INS) -O.09 
Low shrub = ee =6§.27 7.08 3.66 
Mixed deciduous 
forest —-9 62 =O. 5.8% 10.26 
Douglas fir 
forest 
Grass/Conifer =-G.59 Say ee 17.62 mie br te! 
Mixed forest 60m 0 39.26 32.82 —249 
Adjacent Range type 
Grassland =i. Sal 4,48 — «Oa =. 06 
Low shrub = 82°30 =a aS tO Soe eps.) 
Mixed deciduous 
forest Fe OXS| 254 =3 010 Be) 
Douglas fir 
forest =Oeue Oeae 0.00 Bios 
Grass/Conifer 16.83 =£, 30 —0.43 = ONnr 
Mixed forest = Ae =o 05 16.63 =O 
Distance to trees 
G=255 ii = (rio e 2095 70 39 
25200 m Oa 14 ~42 -0.09 
100=250. m 1 ote 2.35 3,2 a2 a8 
250-500 m 230 eeneu SoS +524 
230 0m =) 20.59 —14-26 =. OU) 


Distance to shrubs 


Om25=m 1Ao7 Boo =echad ets) mo. OO 
252 008m LAAs) =e7 98 3.84 cae 
100=250 mm og 00 6.54 4.23 
ois Ueetht =e 8.04 Sta ee lee 


SS eS Ee ee 

* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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Table C.7 Elk activity in response to environmental 
gradients. 


Resource Activity Response Coefficient* 
Parameter 


Foraging Travel Bedded Other Disturb 


Shade cover 


None ~43 a20 2.04 aA On 22.104 
Partial Bo,..o 3.2 =2.23 =, 85 io. 02 
Total 1.94 -48 -q.99 1/4014 1.94 
Snow depth 
0 bobs =0°53 =Oe OL [2.50 seh AL) 
+ laam = 5254 Bu I 8.50 =] .ae 5.15 
1.4=2 «dm -26.74 =. S64 26.09 =4 2185 S10 
2am =6 ,44/ 4.99 =6,05 tlw OS 9.64 
4.1-6 dm SiO SOue 2 is, 56 2 onl 5.06 
6.6 dm ig. A Sia ide -4,4] [2 123 =A 
Sah i Tour 8.03 =3 162 1,55 ~O. 82 =5, 08 
Distance to water 
O=2 5am , alo! eet) 15.94 a7. 22 =O 0 =e S 
25-100 m ees 3.41 =4 63 2203 102s 
100-250 m 4,79 Bee =e pS) «ao sa pees 
250-500 m Sy sie! — [go -4,99 Sve) 0.65 
S00 mes Mekm =5 06 —0° Ce 9.78 in ye =o 202 
Distance to salt 
25=s1,0i0' mi -9.76 ier sit =e. Si. =i =a Gace 
100-250 m 18.45 24.26 WH. -0.94 -14.19 
250-500 m 35,90 4.60 ie BS 13.04 P58 
500emts a km a9 165 34.42 =4 4,56 -2.59 =H 262 


* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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&).¥- ev .a- {Pvt $2 .a~ m COl=8k. ie 
ar. ee .5- eO,f— ef.) a rier 
fe. - 8.e- St.t=-; s€.2 it pied 
be.t- = (ie TE 40F a0.2d- mat - a 
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ti- Se.i- teat ne.8y av .e- m 001-2 
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Table C.8 Mule deer activity in response to environmental 
gradients. 


Resource Activity Response Coefficient 
Parameter 


Foraging Travel Bedded Other Disturb 


Shade cover 


None SOL = ales, Ue) =H Os = .45 49 
Partial SIS is le dl eT, 1.68 Brn Ie Tals 
Total Zoe, 13..0'6 1521S —0.66 ue 
Snow depth 
0 = cle gies eae 24 aif 8) 
Esa: teh i SHO AO malt lon f) =) a5 G..6.5 
UA ae oh = Ore da, 17.99 ES SS) Ge Sli 
Ziel oe int -8.84 =F ee =6F.16101 =ee6 SONS 
A. V-6 dm Sr alas = Dyer 47.515 =O Mies: "Dios 
6.(-Gsdm SE ATE s) nS eee ut -O..08 een ite 
>8 dm Bio Urs aie) Seis mis as coolcea i: =e 
Distance to water 
Qe 25; em ais) 105) =P = 3/50 mal) Ws 24a, 
25—100) m teh, 118 als 5 if IG "(FAG 207525 
100=250 m A OS ao ib “FS 225 
250-500am 4.07 275 .94 =O a se Se ee! 
500 Rett km Sou 5.66 al RS} Aosiene Si AE at) 
Distance to salt 
G2 Sram Om U 24.66 =I 5 04 Sais teh 
25-100 m = A AO eh Ue) -0.66 8.86 
$00=250 m Oe Es! Sil 4 5)S) te) 6 12 = yee Shas 
250-50 Osim Tee ek ata 2 eM ERR g) ie AS BGieeis 


* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal taxis. ‘Bach 'coefficient may ‘be 
interpreted as a likelihood of occurence of an activity. 


Table C.9 Cattle activity in response to environmental 
gradients. 


Resource Activity Response Coefficients 
Parameter 


Foraging Travel Bedded Disturb 


Shade cover 


None -4,94 Ole 4.84 a () Sache 
Partial sly loys ee 154-14 iN pave 
Total 6.56 FOG =7' 109 WeGe 
Snow depth 
O dm mou = ils Se ie =D 02 
i aleecin aa bal te 17289 -4,.69 hy STs: 
(i eee Lenn yh Ree 44.08 =* 1 67.0 te uie 
Pe NED Lalit 41.47 = (poet -40.42 WAS 
Distance to water 
G2 5a i =247, 62 Sig uhs: Ore 2.68 
25-810 Ouem ee Sel ee eieie (haves 
fOO=25 02 m Ley, .89 = yea 206 
PAs IOe eV ORO Sai aia WS 44 iis INS ~1 44 
>500) m 5) 5 (2) = branes 14.88 =a siete 
Distance to salt 
UaZo mm =ie)-s) Ole) wel 67.99 mi Osten) 
PASE MONO) Hee eet enol) INA Ie mi at ei 
10G-2. 505m pe Sele 14.64 106 Pees | 
250-500 m — Ao o 1.46 Grane -2.89 
>500 m aU he | sl Gis aso ches 


* MNA coefficient of response. Each set of coefficients 
sums to 0 on a horizontal axis. Each coefficient may be 
interpreted as a likelihood of occurence of an activity. 
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